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The NASA Goddard Space Flight Cente(GSFQ The civil service scientific staff consists of Dr. Mario
Laboratory for Extraterrestrial Physic§LEP) performs  Acuna, Dr. John Allen, Dr. Robert Benson, Dr. Thomas Bir-
experimental and theoretical research on the heliosphere, tmeingham, Dr. Gordon Bjoraker, Dr. John Brasunas, Dr.
interstellar medium, and the magnetospheres and upp®&avid Buhl, Dr. Leonard Burlaga, Dr. Gordon Chin, Dr. Re-
atmospheres of the planets, including Earth. LEP spacgina Cody, Dr. Michael Collier, Dr. John Connerney, Dr.
scientists investigate the structure and dynamics of th&lichael Desch, Mr. Fred Espenak, Dr. Joseph Fainberg, Dr.
magnetospheres of the planets including Earth. TheiDonald Fairfield, Dr. William Farrell, Dr. Richard Fitzenre-
research programs encompass the magnetic fields intrinsic iter, Dr. Michael Flasar, Dr. Barbara Giles, Dr. David Gle-
many planetary bodies as well as their charged-particléar, Dr. Melvyn Goldstein, Dr. Joseph Grebowsky, Dr. Fred
environments and plasma-wave emissions. The LEP als”errero, Dr. Michael Hesse, Dr. Robert Hoffman, Dr.
conducts research into the nature of planetary ionosphergsonald Jennings, Mr. Michael Kaiser, Dr. John Keller, Dr.
and their coupling to both the upper atmospheres and thejilexander Klimas, Dr. Theodor Kostiuk, Dr. Brook Lakew,
magnetospheres. Finally, the LEP carries out a broad-baségy. Ronald Lepping, Dr. Robert MacDowall, Dr. William
research program in heliospheric physics covering theviaguire, Dr. Marla Moore, Dr. David Nava, Dr. Larry Nit-
origins of the solar wind, its propagation outward throughtler, Dr. Walter Payne, Dr. John Pearl, Dr. Robert Pfaff, Dr.
the solar system all the way to its termination where itDennis Reuter, Dr. D. Aaron Roberts, Dr. Paul Romani, Dr.
encounters the local interstellar medium. Special emphasis Robert Samuelson, Dr. Edward Sittler, Dr. Michael Smith,
placed on the study of solar coronal mass ejecti@ME’s),  Dr, David Stern, Dr. Adam Szabo, Dr. Jacob Trombka, Dr.
shock waves, and the structure and properties of the fast anttiolfo Figueroa-Virms, and Dr. Peter Wasilewski.
slow solar wind. LEP planetary scientists study the The following are National Research Council Associates:
chemistry and physics of planetary stratospheres angyr, Scott Bounds, Dr. Robert Boyle, Dr. Nancy Chanover,
tropospheres and of solar system bodies includindr. Dana Crider, Dr. Steven Cummer, Dr. Perry Gerakines,
meteorites, asteroids, comets and planets. The LEP conduqtg, Natchimuthuk Gopalswamy, Dr. Hugh G. M. Hill, Dr.
a focused program in astronomy, particularly in the infraredGunther Kletetschka, Dr. Patrick Michael, Dr. Vasyl
and in short as well as very long radio wavelengths. We als§1orozhenko, Dr. Lutz Rasteer, Dr. Frank Schmuelling, Dr.
perform an extensive program of laboratory researchrRoch Smets, Dr. Carlos Suarez, Dr. Peyton Thorn, Dr.
including spectroscopy and physical chemistry related ta/adim Uritsky, and Dr. Juan Valdivia.
astronomical objects. The Laboratory proposes, develops, The following scientists work at LEP as either contractors
fabricates, and integrates experiments on Earth-orbitingg GSEC or as long-term visiting facultyRaytheon/ITSS
planetary, and heliospheric spacecraft to measure thgy Ashraf Ali, Dr. Daniel Berdichevsky, Dr. Scott Board-
characteristics of planetary atmospheres and magnetic field§en, Dr. Rainer Fettig, Dr. Nicola Fox, Dr. Henry Freuden-
and electromagnetic fields and plasmas in space. We desiggich, Dr. Emily Greene, Dr. Roger Hess, Dr. Shrikanth
and develop spectrometric instrumentation for continuunkanekal, Dr. Masha Kuznetsova, Dr. Carey Lisse, Dr. Nitya
and spectral line observations in the x-ray, gamma-raynath, Mr. George McCabe, Dr. Viadimir Osherovich, Dr.
infrared, and radio regimes; these are flown on spacecraft tg5yricio Peredo, Dr. Michael Reiner, Dr. Pamela Solomon,
study the interplanetary medium, asteroids, comets, ang, Adinarayan Sundaram, and Dr. Nikolai Tsyganenko;
planets. Suborbital sounding rockets and ground'baseﬂJniversities Space Research Associati@r. Mei-Ching
observing platforms form an integral part of these researcfﬁok, Dr. Venku Jayanti, Dr. Jouni Takalo, Dr. Dimitris Vas-
activities. This report covers the period from approximatelysmadis, and Dr. Hung Kit Wong(Applied Research Corpo-
October 1998 through September 1999. ration) Dr. Sanjoy Ghosh, Dr. Michael Goodman, and Dr.
Edouard SiregaComputer Sciences Corporatjddr. Larry
Evans;(Catholic Univ. of America Dr. Dennis Bogan, Dr.
Pamela Clark, Dr. Tamara Dickinson, Dr. Michael DiSanti,
1. PERSONNEL Dr. Frank Ferguson, Dr. Vladimir Krasnopolsky, Dr. Fred
Dr. Richard Vondrak continues as Chief of the LEP. Mr. Nesbitt, Dr. Neil Dello Russo, and Dr. Richard Stad@SAl)
Franklin Ottens is Assistant Chief. The Branch Heads are DiDr. Richard Achterberg, and Dr. Ronald Carlsé@pace Ap-
Joseph Nuth(Astrochemistry, Dr. Thomas Moore(Inter-  plications CorporationDr. Hemant Dave (Univ. of Mary-
planetary Physigs Dr. Drake Deming(Planetary Systems land Baltimore County Dr. Marcos Sirota and Dr. David
Dr. Steven Curtis(Planetary Magnetosphejesand Dr.  Steyert;(Georgia Southern UniyDr. Robert Nelson{Univ.
James SlavirtElectrodynamics The Laboratory Senior Sci- of Maryland College PadkDr. Dennis Chornay, Ms. Kelly
entists are Drs. Richard Goldberg, John Hillman, MichaelFast, Dr. Thejappa Golla, Mr. Virgil Kunde, and Dr. Timo-
Mumma, Keith Ogilvie, Louis Stief, and Robert Stone. Mr. thy Livengood; (Charles County Community Collegér.
William Mish (ISTP Project Scientist for Data Systems  George Kraus({IONA College Dr. Robert NovacjCornell
also a member of the Laboratory senior staff. Univ.) Dr. Barney Conrath and Dr. Paul SchindéRowan
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College Dr. Karen Magee-SauefUniv. of Virginia) Dr. data at low pressur€l.3 mbar H&é more appropriate for
Lembit Lilleleht; (Challenger CenterDr. Jeffrey Goldstein atmospheric models. The average value of the total rate con-
and Dr. Tilak Hewagama(NOMAD Research Dr. Dean stant at T= 298 K is k = (1.0 = 0.5) X 10 % cm®
Pesnell;(National Institute of Standards & Technologpr.  molecule * s~ indicating that the reaction occurs on about

Vladimir Orkin. every other collision. At T= 200 K complications in the
A large and very capable engineering and computationabbserved decay of the,85 signal prevented a quantitative
staff also supports the work of the LEP scientists. determination of k at this temperature but little or no tem-
perature dependence is expected for such a fast reaction.
2 ASTROCHEMISTRY Also, the present value &f(CH; + C,Hj3) is nearly identi-

: . : . _cal to that fork(H + C,H3) which we have previously
Ozone.Halogen oxides play an important role in reaction 2’8
g p'ay P hown to be temperature independent from=T298 K to

cycles involved in stratospheric ozone depletion. One sucf} | i
species, the metastable molecule OCIO, has been detected%ﬂ_o K. Product studies at ¥ 298 K and 200 K provided

the stratosphere over Antarctica. The chemical and spectr&Y!dence for the occurrence of three primary processes: dis-
scopic properties of OCIO have been well characterized iffroPortionation (Cld + CyH,), combination-stabilization
the laboratory but much less is known about the bromind CsHe) and combination-decomposition {85 + H). This
analogue. Recently OBrO has been tentatively detected iiudy Provides the first evidence for the combination-
the stratosphere but model calculations indicate muclf€composition channel yielding;Hs + H. Since the rela-
smaller concentrations than those suggested by the atmijve importance of the reaction channels will be pressure de-
spheric measurements. Knowledge of properties such as ioR€ndent, the occurrence of these three channels has
ization energy(IE) and heat of formation XH;) of atmo- important consequences for the'chemlca_l composmqn of
spheric species are valuable for laboratory experiments arfanetary atmospheres as a function of altitude. The dispro-
atmospheric models. The photoionization efficiency specPortionation channel regenerates methane and acetylene,
trum of OBrO was measured for the first time in Which are the parent molecules for glind GHs respec-
photoionization-mass spectrometry experiments at beamlin@ely. The combination-stabilization channel leads to the
U-11 of the National Synchrotron Light Source located atormation of propylene, a £hydrocarbon molecule, while
Brookhaven National Laboratori¢BNL). From an analysis the combination-decomposition channel leads to formation
of the step-like threshold at = 120.5 nm, R. Thorn and L. Of butene, a ¢ hydrocarbon moleculeyia the formation of
Stief, T. Buckley, R. JohnsofNIST), P. Monks(University ~ the GHs radical and its subsequent reaction with £H
of Leicestey, and R. Klemm(BNL) obtained a value of Cosmic IcesLaboratory facilities have been expanded to
10.29+ 0.03 eV for the adiabatic IE of OBrO. This is the include infrared spectra of cosmic-type ices exposed to both
first experimental determination of (BBrO). In addition, an ~ Proton and UV photolysis within the same experimental
ab initio calculation using the CCS[)-311-Q3df)//CCD/  Setup. This is a unique capability not possible elsewhere. The
6-311+G(3df) level of theory gives a value of 10.26 ev focus of the IR investigations is to understand the physical-
which is in excellent agreement with the experimental resultchemical and radiation-chemical processes in ices leading to
These methods would be expected to yield good results fdhe formation of complex organics on comets, interstellar
other bromine oxides. Species present in addition to OBrdcy-grains and the surfaces of some icy satellités.M. H.
detected mass spectrometrically included the BrO an®Br Moore and R. L. HudsotiEckerd College examined solid-
Signal from BrO™ at m/z = 95 and 97 amu is due to the Phase reactions in proton irradiated ices in which H-atom
presence of the BrO free radical and to dissociative ionizaaddition to CO formed HCG» H,CO— CH;OH, and OH-
tion of the molecules OBrO and BD. Further study of the addition formed formic acid. Abundances were greater than
BrO" formation process is underway with the objective ofin similar reactions from UV photolysis. In addition a com-
determining AH; (OBrO) from the appearance energy of prehensive picture of the formation of organics in cosmic-
BrO™ from OBrO. Anab initio calculation ofAH; (OBrO)is  type ices has been developed. It is based on results from
also underway. many proton irradiation experiments involving® + car-
Hydrocarbon Chemistryin photochemical models of the bon oxides, hydrocarbons, and other orgartgtsch as alco-
atmospheres of the outer planets and satellites, reactions bbls, aldehydes, ketones, ethers, esters and)a¢&isM. H.
the GHj free radical are poorly understood. Since reactiondVloore and R. L. HudsoiEckerd Collegg studied the con-
of C,H; with stable molecules are very slow, the loss ofditions under which the IR absorption band of®} at 3.5
C,H; in planetary atmospheres is mostlia rapid reaction um could be detected in irradiated,8. Contrary to expec-
with reactive atomic and free radical species. Such atomtations, HO, was not detected when pure,® was bom-
radical and radical-radical reactions are considerably morbarded with protons at 80 Kemperatures relevant to ices on
difficult to study in the laboratory than atom-molecule or Europa. H,O, was formed at 80 K when the & contained
radical-molecule reactions. In many of the models, the mosgither G, or CO,. These results show that molecules such as
important loss process for,85, other than the atom-radical O, or CO, in the ice on Europa play a crucial role in its
reaction H+ C,H; previously studied in our laboratory, is H,O, formation.(3) P. Gerakines, M. Moore, and R. Hudson
the radical-radical reaction GH+ C,H;. R. Thorn, W. (Eckerd Collegg studied the formation of carbonic acid
Payne, X. Chillier, L. Stief and F. NesbitCoppin State (H,CO;) in H,O + CO, ices, contrasting the differences
College have now completed a discharge flow-mass specbetween proton bombardment and UV photolysis. The major
trometric (DF-MS) study of this reaction to provide the first distinctions between the two cases were found to be the lack
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of penetration of the UV photons into an ice more than abouappearance of crystalline magnesium silicates in AGB stars
0.5 um thick, and the production/deposition of ions in the recently uncovered by ISO. Detailed models of grain forma-
ice by the proton beam. Intrinsic band strengths fo€B,;  tion (based on the metastable eutectic model to predict spe-
were also measured. ciation and Scaled Nucleation Theory to predict nucleation
Low-Temperature Thermodynamic PropertieBxperi-  rate) and thermal metamorphism are being tested against ISO
mentally determined low-temperature thermodynamic datagbservations of the spectral properties of the grains in AGB
particularly vapor pressures, are important for atmospherioutflows to see if a more quantitative model of grain forma-
models of the outer planets and their satellites. Howevertion and evolution in circumstellar outflows can be con-
these data are often not available over the required temperatructed.
ture range and modelers must rely on approximations or ex- Organic Particles.Small organic particles can be gener-
trapolations of higher temperature data. In a collaborativedted in the laboratory from photodissociation combined with
effort between J. Allen, Jr. and R. Nels@@eorgia Southern chemical reactions of gas mixtures containing the initial or-
University), an apparatus has been constructed to measu&nic compounds in mixing ratios of 16 — 107° by vol-
thermodynamic properties of single species and mixtures atme. A reducing atmosphere is needed for the particulate
low temperatures. Details of the system, which is capable ofeneration. Thus far, the particles are characterized by their
covering a temperature range of 325 to 62 K and a pressurgfrared spectra measured in an FTIR spectrometer. Mea-
range of 1000 to~ 108 Torr, have been presented in an Surement of the volatility, thermal stability, and chemical
article to Review of Scientific Instrument@cceptefi To ~ composition of these particles will be attempted. The objec-
date we have used our apparatus to measure the loviive is to generate the particles under known laboratory con-
temperature vapor pressures for a variety of planetary mo@itions and characterize them as completely as possible.
ecules: methane, monodeuterated methane, acetylene, ethyf1€n the infrared signatures of these particles can be com-
ene, ethane, propane, and carbon dioxide. For most of the@red with the infrared spectra opserved of particles/grains in
molecules our experimental results, which are being pre_cwcumstellar shells, _nebula: and_ interstellar clouds. R. C_:ody,
pared for publication, differ significantly from the extrapola- M- 1annone (Millersville University), and Fred L. Nesbitt
tions of commonly used representations. Protocols are cutCopPpin State Collegeare using the small aromatic hydro-

rently being developed to acquire data for binary mixturescarbons of benzene, toluene, ethylbenzene, and xylenes as
such as the methane-nitrogen system. the precursor organic compounds. These compounds have

Circumstellar, Interstellar and Interplanetary Grain For- P€€n used either as a mixture or singly. The major gas com-
mation.Our understanding of the vapor-phase nucleation an§0nent has been either nitrogen, argon, or helium. The effect
growth of refractory oxide grains has increased considerablf the small addition of an oxidizer, i.e. water, to the gas

over the past several years with the realization that graiffixture is under study. Dr. lannone was a participant in the
growth is controlled by metastable eutectic regions in thet299 NASA/ASEE Summer Faculty Fellowship Program.

phase diagrams of the condensing systems. This realization
grew from the detailed analysis of individual, experimentally3. PLANETARY PHYSICS

produced, refractory smokes condensed from a wide range of Laboratory Gas-Phase Spectroscopysignificant effort
vapor compositions in our laboratory and analyzed via anain the LEP is high-resolution laboratory infrared spectros-
lytical electron microscopy at the University of New Mexico copy of gaseous molecular species. The research by the LEP
by Rietmeijer (University of New Mexico and J. Nuth in  spectroscopy group composed of D. C. Reuter, J. M. Sirota,
1999 and by J. Nuttet al. again in 1999. The new model j. J. Hillman and D. W. Steyert is focused primarily on mol-
predicts the formation of a small number of amorphous grairecules of planetary and astrophysical interest, and supports
components centered around metastable eutectic COMPORASA flight missions in both these areas. The work also
tions predictable from well-known chemical phase diagramssupports ground-based astronomy and terrestrial atmospheric
In related experiments, we also demonstrated that singlestudies. Particular emphasis is placed on obtaining reliable
magnetic-domain iron grains can be formed spontaneousiptensities, self- and foreign-gas pressure broadening coeffi-
from the vapor phase even in the complete absence of aglents and line-mixing effects. There is a vigorous program
ambient magnetic fieldWithey and Nuth, 1999 These to measure TDL and FTS spectra at wavelengths greater than
grains form as fully magnetized dipoles and could serve ag0 um. Supporting laboratory measurements are scarce for
the catalysts for the aggregation of nebular dust into chonthese wavelengths, but are crucial for the analysis of data
drule precursors and refractory planetesimals. from upcoming space missions such as Cassini, where CIRS
Grain MetamorphismMeasurements of the temperature will obtain spectra of Saturn and Titan from 7 to 10@n.
dependent thermal annealing rate for initially amorphousRecent activities of the group have included obtaining and/or
magnesium silicate and iron silicate smokes made by Halleranalyzing spectral data for excited state and fundamental
beck (University of New Mexicg and J. Nuth in 1998 have transitions in H, 3C*CHg, %C,Hg, CH4, CH,, N,O,
led to the development of a Silicate Annealing Indélal-  CO,, C;H, (both the methylacetylene and allene isomers
lenbecket al,, 1999 that can predict the infrared spectra of (CH3),CO and HNQ. This work has been carried out in
amorphous silicate condensates as a function of the timesollaboration with personnel at several institutions including
temperature history of the material. Preliminary analysis oM. Blass(Univ. of Tenn), J. Frye(Howard Univ), J. Johns
the predicted behavior of such materials are qualitativelf{NRC, Canada A. Perrin (C.N.R.S., Parijs L. Strow
consistent with observations of the mass-loss-rate dependefifMBC), C. SuareZNRC, Argentina, R. Tipping(Univ. of
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Alabama and W. WangUMBC). These measurements have cube over the visible and near-IR spectral region. These mea-
already impacted planetary studies. For examplepthéC  surements used several instruments and were concurrent both
ethane {3C'’CHg) intensities have been used in conjunctionwith spacecraft measurements and observations by the up-
with ground-based observations to infer an essentially terreggraded HST. Four observing teams conducted the investiga-
trial *3C/*%C ratio on Jupiter and Saturn, while the intensitiestions with 4 instruments spanning 0.4 to 5un. The instru-
of the ethyleng(C,H,) transitions have been used to obtainments and observing facilities wer¢a) Visible/NIR
concentrations of this species in the upper atmosphere éfiterference filter(24 filters camera at the Lowell Observa-
Saturn. The low temperature line intensity and self- and nitory 72" (1.8m) telescope, 430-1050 nm. Science targets
trogen broadened measurements of theband of allene were Fé*, Fe&* mineralogy and coarse grain hematite
near 28um are the first such measurements of this band, andearch (b) Filter photometer with similar filter set to Lowell
are among the longest wavelength TDL data ever obtainecht the NMSU Tortugas Mountain Observatory 60-cm tele-
The high-pressure long-pathlength £6roadening spectra scope, 430-1050 nm. Science targets wers F&EE™ min-
show the clear effects of line-mixing and far-wing line eralogy and coarse grain hematite seafch.SWIR AOTF
shapes in this species and may be used to model atmosphegigmera at the Apache Point Observatory, 3.5m, f/10,
spectra for the Mars Global Surveyor. The parameters ObNasymth focus. Spectral coverage was 1.7—@B (AOTF
tained from these experiments are crucial to the proper ime'ﬁmited), and 0.8-1.0 arcsec € 430 km) seeing. Science
pretation of the upcoming CIRS measurements of the atMogrgets: 3um water of hydration feature and GOH,O ice
sphere of Titan. in polar regions and cloudéd) KPNO cryogenic grating/slit

As well as obtaining and analyzing spectra, the groupspectrometefCRSP/SALLY) at the KPNO 2.1 m, /15 Cas-
places a strong emphasis on improving instrumentation andegrain focus. Selected wavelength bands between 2 and 4.7
among other accomplishments, has developed a unique tu/r&-m (K, L, M bands, 1.0-1.2 arcsec & 500 km). Science
able diode lasefTDL) system for obtaining spectrate 30  targets: Water-of-hydratiofB—4 xm long wave extension
wm employing advancedSi:As and Si:Sh BIB detectors,  ang syifate mineralogy. Participating observers were D. Gle-
high performance lead-salt lasers and a long-path White-typgay 3. Hillman, G. Bjoraker and F. Espenak, N. Chanover, J.
sample cell. A very long-path, coolable White-type cell is Murphy A. Murrell (NMSU), L. Young (Boston University,
currently in assembly which will allow pathlengths in excessp Blaney(JPL) and D. JoycdKPNO). Preliminary interpre-

of 500 m at temperatures as low as 120 K. Work is proceedg,iinns of these results will be presented at the fall AAS/DPS
ing to expand the long-wavelength capability of the Kitt meeting.

Peak National Observatory McMath FTS spectrometer by \iartian Dust Storm Electric Discharge&EP scientists
employing a series of long-wavelength beamsplitters, and Qy Farrell, S. Cummer, M. Kaiser, M. Desch, and J. Houser

develop methods for external cavity stabilization of 10ng-j, estigated the possibility of detecting radiation from glow

wavelength TDLs. _ and filamentary discharges suspected to be occurring within
Infrared Heterodyne Spectroscopy of Isotopic Ethylene aj,qian dust storms. The situation is analogous to the elec-

10.5m. To support a need for accurate molecular transitionyigeation of terrestrial volcanic plumes and terrestrial sand

) tti}?at could be supported by dust storms of a given size indi-
Infrared Heterodyne Spectroscopy group in the LEP has useéjate that terrestrial-size discharges could exist on Mars,

a laboratory infrared heterodyne spectrometer to measure ﬂ%ﬁ’ong with microscopic “glow-like” discharges. Further, the

strength, pressure-broadening, and frequency of more the}_r\EP scientists modeled the long-distance propagation on

150 rotational-_vibrati_onal transition lines in Eﬁl v7, and Mars of the very low frequenciVLF) electromagnetic ra-
v1p bands of isotopic ethylene™C,H, and *C'*CH,) at diation from the filamentary discharges to demonstrate their

room temperature and at low pressures typical of planetar otential detectability on the Martian surface thousands of

stratospheres. Ethylene is a product of methane photoche flometers from their source. The calculations suggest that

istry and is a chemically important trace species in the atrno'Ehese VLF signals could be used not only to locate and track

sphere of Jupiter, Saturn, and Tltan. A manuscrlpt reF)Omn%ust storms but also to remotely sense the large scale martian
measurements on ethylene is being submitted by V,

Morozhenka(NRC) and T. Kostiuk supported by D. Buhl, T ground conductivity averaged over a depth of a kilometer or
Hewagama, T. Livengoc.)d and A. KoIIyukhnsti.tute (;f " more, thereby revealing subsurface geologic feat¢sash

Semiconductor Physics, UkraineAbsolute frequencies of gtsh(\e/\;arféa(r)]rs highly conductive rogldifficult to detect by

Te stronge_rs Im?f of eth_y_lene have beer_1 determined 10 O; in the Atmosphere of Mar§.. Espenak, and colleagues
+ 5.3 X 10 °cm™". Intensities were determined to 10% : . ;
accuracy. T. Kostiuk, T. Livengood, T. Hewagama and F. Schmuelling
(NRC) used the Goddard Infrared Heterodyne Spectrometer
(IRHS) to measure ozone in the atmosphere of Mars at 9.66
pm in March 1999. The observations were performed atop
Visible and Near-IR Spectral Imaging of MarA. very  Mauna Kea at the coude focus ofett8 m NASA Infrared
successful observing campaign was executed by D. Glendrelescope Facility(IRTF) during March 1999. Terrestrial
and collaborators for the Mars opposition that occurred inO; normally renders Earth’s atmosphere opaque to these fre-
late April '99. The objective was to assemble a photometri-quencies, but Mars’ large geocentric radial velocity near
cally calibrated, spectrally complete ground-based imageuadrature shifts the {Jines into the wings of their telluric

3.1 Mars
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counterparts where the terrestrial atmosphere is transparemtives were conducted at the NASA IRTF in October 1998,
enough to permit the observations. The global distribution obnd additional observations will be acquired in the fall of
O3 in Mars’ atmosphere was mapped during its northern1999.
hemisphere early summeiLg = 115°). Photochemical Composition of the Jovian Atmosphekéethane observa-
models suggest that ozone abundances should be rapidly aens are sensitive to the abundance of water vapor between 3
proaching maximum levels in the southern hemisphere; furand 7 bars on Jupiter. G. Bjoraker and G. OrtdRL) ac-
thermore, Mariner 9 observed high levels of Quring this  quired spectra of Jupiter using the CSHELL cryogenic grat-
season. These data will be used to test the models and will kg spectrometer at NASA’s Infrared Telescope Facility in
compared with previous observations to study the season@lawaii. Observations of CHand NH; were obtained simul-
variability of O;. The data will also assist Mars Global Sur- taneously with measurements by the Near Infrared Mapping
veyor by establishing baseline measurements as the spadpectrometer on the Galileo Orbiter. This technique permits
_craft orbits Mars. Data reduction and early analysis are NOWnhapping HO on Jupiter using ground-based telescopes. Pre-
In progress. liminary results show dramatic variations in the abundances
Martian lonosphereMetallic ions are probably very sig- of poth H,0 and NH near the Great Red Spot and in por-
nificant components of the Martian ionosphere. A thoroughions of the North Equatorial Belt. These results were pre-
modeling of the altitude profile of meteoritic ionization in the gented at the 1998 meeting of the Division of Planetary Sci-
Martian ionosphere by W. PesndélNomad Research Inc. ences. The abundance of volatiles does not correlate well
and J. M. Grebowsky showed that a persistent layer of Mgyith pelts and zones but “wet” regions do coincide with
ions should exist near an altitude of 70 km. Based on besgatures identified as water clouds by the Galileo imaging
current estimates of the incident meteoroid mass flux densityegm.
a peak Mg ion density of more than1@m-* is predicted. Jovian Mid-IR Aurora and the Solar Cycl&vidence for
At these concentrations, the metallic ions should be th&gjar cycle-dependent variations in the intensity of mid-
dominant ion species in some regions of the nightside Marfrared emissions of the ethane molecule in Jupiter’s polar
tian ionosphere. aurora was reported by T. Kostiuk with co-authors T.A. Liv-
engood, K.E. Fast, and T. Hewagama, D. Buhl, and J. Gold-
stein(Challenger Ctp.in a paper presented at the Magneto-
spheres of the Outer Planets Conference in August 1999.

Stereoscopic Radio Observations of Jupiter by Cassinpata.for the anqusis come from infrared_ hgterodyne spectro-
and Wind.During two intervals in 1999, simultaneous obser- SCOPic observations of 12m ethane emission from Jovian
vations of Jupiter's decametric and hectometric radio emis@urora conducted from the NASA Infrared Telescope Facil-
sions were made with the Cassini radio and plasma wavly (IRTF) and from Voyager IRIS observations, spanning
instrument(RPWS and the radio and plasma wave instru- nearly 2 solar cycles, with the most recent observations in
ment(WAVES) on the Wind spacecraft in Earth orbit. Dur- August 1998. A solar cycle dependence is significant, as no
ing January, the Jovian longitude difference between the tw§uch dependence has been noted in any other emission from
spacecraft was about 5°, whereas for the August-SeptembékPpiter's auroral regions. Such a dependence may signal
Earth flyby of Cassini, the angle ranged from 0° to aboutchanges either in the properties of the impinging particle
2.5°. With these separations, the instantaneous widths of tHeeams or in the target atmosphere receiving the beam. Fur-
walls of the hollow conical radiation beams of some of thether investigation will be required to establish the distinction.
decametric arcs were measured suggesting that the typic&lA. Livengood(UMD), with co-authors T. Kostiuk and H.
width is approximately 2°. The conical beams seem to movéaufl (ESO Headquarters, Garching, Germangported at
at lo’s revolution rate rather than with Jupiter’s rotation rate.the same conference on the spatial distribution of auroral
Additionally, some of the non-arc emissions have very narhydrocarbon emissions on Jupiter, derived from mid-IR im-
row and quite peculiar beam widths. The observations wer@ging observations conducted in 1994 and 1996 from the
carried out by M. Kaiser, W. Kurth, Hospordarsky and D. European Southern Observatory using the facility instrument
Gurnett(U of lowa), and Zarka(Paris Observatody TIMMI. Hydrocarbon auroral emissions are confined to lati-

Jovian Lightning.LEP investigators W. Farrell, M. Kai- tudes greater than 50-60°, consistent with the general prop-
ser, and M. Desch presented a model of the Jovian lightningrties of auroral morphology observed in other wavelengths.
discharge that explains the signal observations by the Galilebydrocarbon aurora differs in several particulars, having a
probe and the Voyagers. In essence, the discharge is sloglistinct “hot spot” of emission within the northern auroral
(about 2—3 milliseconds and has a spectral peak below 1 oval, and occasional broad distributions of emission span-
kHz. This “slow” discharge, about a factor of 10 times ning a very wide range of longitude. T.A. Livengood was a
slower than the terrestrial discharge also explains the lack afo-author to R. Prange (IAS, Orsay, Francereport at this
intense HF emissions from the events. conference on long-term variations of Jupiter's UV auroral

Thermal Waves on Jupitedovian thermal waves are be- activity observed with thgnow-deactivated IUE satellite
lieved to be Rossby waves, forced by internal convectionobservatory in 1994 and 1996.

They are visible as longitudinal temperature perturbations in Jupiter's H; Aurora. A linearized inverse method is used
thermal infrared images. D. Deming and J. HarringtGor-  to extract an emission model from many images of the au-
nelll have been conducting observations and analysis afora, obtained at different Central Meridian Longitudes. Dr.
large-scale thermal waves on Jupiter. Observations of th&. Satoh(Science University of Tokyoand J. Connerney

3.2 Jupiter and lo
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use NSFCAM infrared images of Jupiter to model the distri-weeks following the impacts on up to four different days for
bution of Jovian H emissions in the auroral regions and to each site, enabling an investigation of the temporal behavior
monitor the dynamic state of the Jovian magnetosphere. Evf ammonia abundance and temperatures in Jupiter’s strato-
dence was found for enhanced emissions at longitudesphere. These results will be combined with previous ammo-
marked by weaker surface magnetic field magnitudes, andia retrievals from the Goddard IR heterodyne spectrometer,
there appears to be a local time enhancement in emissiors well as retrievals from other investigators, using the same
poleward of the auroral oval in the dusk sector. The auroratadiative transfer analysis. The combined data set can be
intensity has two principal components of time variability: a used to investigate the long-term behavior of ammonia in the
short-term variability(day9 which correlates well with the stratosphere, as well as provide constraints on current photo-
solar wind ram pressure arriving at Jupiter, and a longer-terrshemical models.
variability (monthg which is believed to be related to the ~ H3 Emissions from Jupiter and lal. E. P. Connerney
energization and transport of magnetospheric plasma in Jand T. Satoh(Science University of Tokyocontinue a pro-
piter's magnetosphere. A continued program of observatiogram of long-term observations of Jupiter at 34 wave-
of the aurora is conducted to monitor the state of the maglength using the NSFCAM infrared camera and NASA's
netosphere in support of the Galileo Mission. IRTF at Mauna Kea, Hawaii. The technique exploits a set of
First Equatorial Observations of Winds in Jupiter's emission lines of the H ion (3.4Qum) within a strong ab-
Stratosphere. The Doppler-shifted emission of ethane sorption band of methane, to image the distribution gf H
(C,Hg) at 12 um helps measure wind velocities in the equa-with high spatial and time resolution and extraordinary sig-
torial stratosphere. The Goddard IRHS field instrument at th@al to noise. H is a major topside ion in Jupiter’s iono-
NASA Infrared Telescope Facility was used in August 1998sphere. An image obtained at 3.40n shows emission from
by J. Goldstein and K. R@Challenger Cty, T. Kostiuk, D.  high altitudes (above the methane homopausEainst a
Buhl, F. Espenak, T. Livengood, K. Fast, and T. Hewagamalarkened planetary didby absorption These images evi-
to make the measurements. The only previous measuremernisnce intense and omnipresent auroral emissions at both
in this pressure regime profited from the injection of dust andnagnetic poles and emission at the foot of the lo Flux Tube
aerosols by Comet Shoemaker-Levy 9 to trace winds byIFT). The latter often appears as an isolated, sub-arcsecond
feature-tracking in visible light, in a narrow interval at 43° spot that moves across Jupiter’s disc in concert with the or-
south latitude. Measurements at the equator explore a nehital motion of lo; it is excited by the electrodynamic inter-
region not yet measured and inaccessible to theoretical exaction of Jupiter's magnetic field with lo. Additional im-
trapolation due to intrinsic limitations in the calculation of provement in imaging §l emissions resulted from the
winds from thermal balance. Data reduction and initialintroduction of a custom filter set on the NSFCAM filter-
analyses are under way. wheel (3.4265um, 3.54 um, and 3.49um null) in July of
Comet Shoemaker-Levy 9A ballistic Monte-Carlo  1998. Emission extending well downstred60°) of the IFT
method to simulate SL9 ejecta plumes has been used to d&sotprint along lo’s L shell can be seen at times in both
velop a radiative-hydrodynamic model of the SL9 splash-hemispheres. High time resolution imagery of the IFT foot-
back phase by D. Deming and J. Harringt@ornel). As the  print is used to further our understanding of the electromag-
ballistic plumes fall back onto the Jovian atmosphere, thaetic interaction between Jupiter and lo. Recent imagery re-
resulting shock-heating is modeled using a version of theveals(over some longitudeamultiple footprints at the foot
Zeus-3D hydrocode, modified to include radiative dampingof the IFT suggesting multiply reflected Alfaevaves pass-
in the gray approximation. Synthetic infrared light curvesing between Jupiter’s ionosphere and the high density torus.
produced by the model are in substantial agreement witlh\ catalog of observed surface locations of the IFT footprint
observations, including the presence of secondary maxima dras been used to greatly improve models of Jupiter's mag-
“bounces” following the main peak. The model also ac- netic field.
counts for several other phenomena for which a complete lo Torus Radio Emissiond/V. Farrell, R. Hess, and R.
explanation has been lacking to date. MacDowall examined O-mode emission in the lo torus and
Temporal Study of SL9-Introduced Ammonia in Jupiter'sshowed that intensifications were likely due to reflection and
StratosphereMeasured time scales for the removal of am-trapping in density cavities, rather than being signatures of
monia from the stratosphere by solar ultraviolet photolysighe emission location.
will shed light on chemical and dynamical processes in the Jovian Radio Emissiondnspired by recent reports of
Jovian stratosphere. K. Fast, working with LEP members Tlong term periodicities in the Jovian nKOM and bKOM radio
Kostiuk, D. Buhl, F. Espenak, and P. Romani, A. Betz, R.emissions observed by Galileo, M. Reiner, M. Kaiser, and
Boreiko (U. of CO, Bouldey and T. Livengood, is analyzing M. Desch reanalyzed the Ulysses data taken during the
infrared heterodyne spectra of Nkhtroduced into Jupiter's  Ulysses-Jupiter encounter to look for possible long term pe-
stratosphere by the impact of Comet Shoemaker-Levy 9. Inriodicities in the Jovian radiation. Realizing that the Ulysses-
frared heterodyne ammonia emission line spectra at a resoNupiter encounter occurred during the maximum of the solar
ing power of ~ 10’ were obtained by Betet al. and are  cycle, they found that the solar wind was well represented by
being analyzed using the BEAMINT modeling software to a simple two-sector structure, and that tfiig) 25 day sector
retrieve stratospheric ammonia mole fractions and altitudetructure was strongly reflected in the Jovian bKOM and
distributions, and temperature information. Spectra from sixiKOM radio emissions. That the solar wind sector structure
different impact regions were acquired from hours to 3had a profound influence on the intensity of the Jovian
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bKOM emissions was not new, but what was found veryconfiguration and thus for the optimization of the science
surprising was that there was a sharp cessation of the bKOlhvestigation, particularly surface studies. Results will also
emission which was followed by an abrupt onset of anprovide significant constraints on dynamical models of atmo-
nKOM *“event,” which lasted for some 5 days. This behav- spheres of slowly rotating bodies.

ior of the bKOM and nKOM emissions was repeated for four

consecutive 25-day periods during the Ulysses inbound trag 4 Neptune

jectory. These observations are rather different from the Ga-

lileo observations and suggest that the nKOM periodicities Neptune’s Stratospher&. Romani collaborated with B.
observed by Galileo may ultimately be related to the solaSchulz (ISO Data Center, ESA, Madrid, SpainTh. En-
wind structure at Jupiter at the time of the Galileo observacrenaz, B. Beard, E. Lellouch(Observatoire de Paris, Sec-
tions. These new results were presented at the Magnet§on de Meudohand S. K. AtreygThe University of Michi-

spheres of the Outer Planets conference in Paris. gan on the first firm detection of ethylen&C,H,) in the
stratosphere of Neptune. The detection was made in 6—-12
3.3 Saturn and Titan um spectra of Neptune recorded by Infrared Space Observa-

tory (ISO) PHT-S instrument at a resolution of 0.096n.

IR Spectral Imaging of Saturd. Hillman, D. Glenar, and  To reproduce the observed emission feature, a column den-
G. Bjoraker and N. Chanove(NMSU) investigated the sity in the range 1.1 3 X 10" molecules cm? is needed.
near-IR spectrunfl.7-5.2um) of Saturn using new AOTF  This abundance of ethylene is consistent with a previous
cameras. Key objective is to obtain a photometrically cali-tentative detection of the same band in ground-based low-
brated spectral image cube of Saturn between 1.7#52  resolution spectral measurements and upper limits from Voy-
These data will identify wavelengths most sensitive to CoNzger UVIS and I1SO Short Wavelength Spectrometer obser-
vective disturbances in Saturn’s atmosphere, observe centgfations. We then used the observations to constrain a one-
to-limb reflectivity changes that can be interpreted in thegimensional hydrocarbon photochemical model. To produce
context of a vertical structure model, search for Saturnianhijs |ow amount of ethylene, previous photochemical models
analogs to Jovian am “hot spots” and characterize spatial jnyoked rapid mixing between the source and sink regions of
variations in trace molecular species. C,H,. However, if recent laboratory measurements of,CH

Rings of Saturn in the mid IR.. Kostiuk, T. Livengood,  photolysis branching ratios at Lymanare used this require-

C. Lisse and H. U. Kafl (European Southern Observatbry ment can be relaxed. A paper based on these results has been

have imaged Saturn and its rings in the mid-Infrared. Imagegybmitted toAstronomy and Astrophysics
were obtained in October-December 1996 at the European

Southern Observatory using the Thermal Infrared Multi- .
Mode InstrumentTIMMI ) on the 3.6 m telescope. Photo- 3.5 Meteorites
metric images were made through filters from 4 to 13 Meteorite Elemental Composition StudieBhe x-ray/
pum with the TIMMI 64X 64 element Ga:Si array at an im- gamma-ray spectromet¢éKGRS) on the NEAR spacecraft
age scale of 0.5 arcsec/pixel. Preliminary analysis of speowill determine the surface elemental compositieny., Mg,
trophotometry indicates a peak in the emitted radiance of thél, Si, Fe, O, and K(possibly Ca, S, Ti, and Thof the
rings near 12um. A significant difference in the radiance S-class asteroid 433 Erp%]. These abundances should help
from the East and West ansae was observed, with a maxélucidate both possible relationships to known classes of me-
mum ratio W/E of~ 2 near 11.3um. Possible explanations teorites and geological processes that occurred on (€rgs
for the difference include thermal heating and cooling, ringimpact processing, partial meltingTo aid in the analysis
geometry, and ring particle properties and composition. Reand interpretation of the NEAR XGRS data J. Tromlekal.
sults will be reported by T. Livengood at the 1999 Division are compiling a database of bulk elemental compositions of
for Planetary Sciences meeting in Padova, Italy. Additionaimeteorites. They are limiting their database to those they
measurements are planned with the new TIMMI 2 cameraleem to be the most reliable, specifically selecting analyses
coming on line at ESO. of representative samples of falls or unweathered finds. Ini-
Titan Winds.A beam integrated radiative transfer soft- tial emphasis is on classes of meteorites most likely related
ware package called BEAMINT has been developed tdo Eros, including ordinary chondrites and several types of
model the Doppler-shifted ethane line spectra contributing tachondrites, and excluding meteorite types which are poor
an observation of Titan. A BEAMINT-based analysis hasspectral matches for Erdg.g., carbonaceous and enstatite
confirmed the earlier zero-order calculations that thechondrites, aubritgs These data form the basis for plots of
globally-averaged wind direction is prograde to high statisti-elemental abundances and abundance ratios to distinguish
cal certainty. A report is being submitted by T. Kostiuk with classes of meteorites and identify geological processes on
co-authors J. Goldstein and K. R&hallenger Cty, T. Eros. Initial efforts will be on obtaining accurate abundance
Hewagama, D. Buhl, F. Espenak, T. Livengood and K. Fastratios, rather than absolute abundances, since ratioing elimi-
summing up direct measurements of the global circulation omates many of the geometrical factors, which affect the pro-
Titan using the Goddard Infrared Heterodyne Spectrometeduction of x-rays and gamma rays from the asteroid’s sur-
(IRHS). Further data collection on Titan will be conducted face. Given the set of elements measurable by the XGRS,
using the portable heterodyne instrument HIPWAC, presthere should be several ratios that will distinguish meteorite
ently under fabrication. Current results and future measureelasses and geologic processes. Plots of Al/Mg vs. Fe/Mg
ments are important for final Cassini Huygens Probe releasmight track the removal of basaltic and Fe-Ni, FeS melts
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from a Mg-enriched residue. Plotting Fe/Si from the x-rayviewed simultaneously at multiple wavelengths. Quantitative
spectrometer vs. Fe/Si from the gamma-ray spectrometemalysis of images of an isolated substorm has revealed
might track the preferential enrichment of metallic iron in the strong differences between the morphology of x-ray and
surface regolith, given the different penetration depths otiltraviolet/visible emissions during substorm recovery phase.
X-rays and gamma-rays. The ratio of trace elements K/THrhe high-energy electron precipitation responsible for these
will be a measure of volatile depletion, reflecting the thermaldifferences comes from both a continuing injection of high-

history of Eros. energy particles near local midnight and preferential precipi-
tation near local dawn of gradient-curvature drifting elec-
3.6 Extrasolar Planets trons.

Extrasolar Planetary Infrared EmissionB. Deming and S. Cummer and R. Vondrak also studied the ionospheric

G. Bjoraker are collaborating with G. Wiedema(®SO) in glectrodyngmics of the a}uroral surge using FA.SE“U par-
an attempt to detect spectral emission features in the extrdicle and field observations and Polar/VIS high resolution
solar planetary systems 51 Peg, Ups And, and Tau Boo. ANages of the large-scale aurorall oval. The analysis |nd|cateq
large quantity of high-resolution spectra has been obtained i{'® Presence of strong upward field aligned currents associ-
the 3.3um band of methane and the 4u6n band of carbon ated w!th the surge, which, yvhen combined with an electro-
monoxide. The planetary spectral features are expected to [f/namic analysis of the region east of the surge head, dem-
present in these data at a level of approximately 204 of ~ Onstrate that these upyvard currents are not locally closed, in
the stellar continuum. Preliminary analysis of the data ha§Ontrast to some previous studies. o
achieved sensitivity about one order of magnitude less than SPrites and lonospher&. Cummer, in collaboration with
is required to detect the planetary spectra. However, plannd@s€éarchers at Stanford University and New Mexico Tech,
improvements to the data analysis algorithms are expected {2 Studied the use of low frequency radiation from lightning
increase the sensitivity significantly. discharges to remotely sense both D region electron density
Extrasolar Planetary Spectroscopic Modelingn effort profiles and the current variation in lightning discharges as-
to develop quantitative numerical models for mid-infraredSociated with transient mesospheric optical emissions
spectra of extrasolar planets under a variety of credible cir(SPrites. A study of current waveforms and high speed video
cumstances has been initiated by T. Kostiuk, J. Goldsteifinages of sprites has shown that present models do not ex-
(Challenger Cty, T. Hewagama, T.A. Livengood, and K.E. plain either the temporal dynamics or the low altitude extent
Fast (UMD), with scientific collaborators J. Luning) of  Of the observed emissions.
Arizona) and J. Kasting(Penn. State Y. T. Kostiuk pre- ISIS Digital Database.Digital 1SIS-2 topside-sounder
sented a tutorial on the topic at the March 1999 Pale Bludonograms are continuing to be produced by a team led by R.
Dot Il conference in Palo Alto California. The BEAMINT Benson of the LEP. The digital ionograms, produced from
package developed to model the spectra of solar-system oB?e original analog telemetry tapes, are being archived at the
jects is being adapted to construct spectra at arbitrary speflational Space Science Data Center at GSFC. More than
tral resolution with accurate radiative-transfer modeling, t0239,000 digital 1SIS-2 ionograms from 18 globally distrib-
determine constraints. These constraints will affect efforts tdited telemetry stations had been processed by the end of
directly detect and characterize extrasolar planets of terrediugust 1999. They correspond to ionospheric topside sound-
trial and gas-giant type. The initial effort will be to construct ings during the 11-year interval from 1973 through 1983.
synthetic spectra of the known solar system as viewed frongince most of these data were never processed into the con-
an extrasolar perspective. The calculational effort is led by Tventional 35 mm analog film format, they are analogous to
Hewagama. the output of a successful new satellite mission covering this
Extrasolar Planetary Radio EmissionsEP investigators earlier solar cycle interval. A search program to assist in the
Farrell and Desch along with P. ZarkKMeudon Observa- retrieval of the data based on date, time, geographic or mag-
tory, Pari3 have recently predicted MF and HF radio fluxes netic parameters, status of instruments, etc., has been written.
from extrasolar planetary cyclotron emission sources. TheyA program to analyze the digital ionograms has also been
applied known planetary magnetic fields and radiometrigorepared. Information on how to access and use both is avail-
models to obtain the estimate, these models already deriveable from http://nssdc.gsfc.nasa.gov/spacefisis/isis-
from studies of our own solar system. Based on this workstatus.html.
they were given telescope time on the Very Large Array in lonospheric Polar HolesR. Benson and J. Grebowsky
New Mexico to search for cyclotron emission from tau analyzed vertical electron-densit{N.) profiles, deduced

Bootes. from newly available ISIS-2 digital ionospheric topside-
sounder data. The investigation's focus was the “polar-
4. SUN-EARTH CONNECTIONS hole” region within the winter, nighttime polar cap iono-

sphere during solar minimum. This region is located around
0200 magnetic local time near the poleward side of the au-
roral oval. Earlier investigations had revealed very low Ne
Auroral Physics.S. Cummer and R. Vondrak have ana- values in this regioridown to 200 cm® near 300 ki The
lyzed simultaneous x-ray, ultraviolet, and visible imageslISIS-2 investigation only found low Nvalues (~ 100
from the PIXIE, UVI, and VIS instruments on the Polar sat-cm™3) near the satellite altitude of 1400 km. The peak iono-
ellite in an effort to understand auroral substorm dynamics aspheric concentration below the spacecraft remained fairly

4.1 lonospheric, Thermospheric and Mesospheric
Physics
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constant (~ 10° cm™3) across the hole region but the alti- near the mean location of the near-earth neutral line; X
tude of the peak dropped dramaticaltg the vicinity of 100 -26 R:. Its center was underneath IMP 8 atX -34 R- and
km) in the depletion region. These observations suggest théts tailward end appeared to be nearX -44 R-. Further-
the earlier satellitén situ measurements, interpreted as deepmore, a factor of~ 2 increase in the amplitude of the TCR
holes in the ionospheric F-region concentration, may haveccurred in the 1.5 min it took to move from IMP 8 to
reflected the extreme lowering of the altitude of the iono-Geotail. Modeled using conservation of the magnetic flux,

spheric N peak. this increase in lobe compression implies that the underlying
plasmoid was expanding at a rate-ef 140 km/s. Such an
4.2 Magnetospheric Physics expansion is comparable to recently reported 3peeds in

“young” plasmoids in this region of the tail. Finally, the
p-Geotail measurements indicated that a reconfiguration of the

served by Geotail in the inner magnetotéiB-15 R) has Iob_e magnetic field closely followed thg ejection of the pla_ls-
found a close relationship with other magnetospheric pher-nOId that moved magnetic flux tubes into the wake behind

nomena. The bursts are associated with magnetic field dipd® Plasmoid where they would convect into the near-earth

larizations, geosynchronous particle injections, auroral kilo€utral line and become available to feed the reconnection

metric radiation onsets and auroral brightenings as observd§9'°™: _ _ ,

by the polar spacecraft. Since the flow bursts often exhibit Scuth-North Traveling Compression Regiofibe ISTP
the earliest onset of these phenomena, it seems likely th&ogram allows investigators the opportunity to study the
reconnection beyond 15gRinitiate the chain of events. A effect of sola_r wind pressure |_mpulses on the magneto_spherlc
further study with A. leda confirms that associated tailwargSyStem routinely using multiple spacecraft. M. Collier, J.
moving plasmoids are closely associated with auroral brightSlavin, and A. Szabo along with M. MoldwigFlorida Insti-
enings near the meridian of the plasmoid observation. TotUte of Technology have studied reverse polarity or south-
gether these studies reveal a dynamic magnetotail with nihen-north(SN) bipolar traveling compression regions in the
merous localized reconnection events occurring. Under stifFarth’s magnetotail using IMP 8 in the tail lobe and WIND
unknown conditions, these flow bursts collectively develop®S @n upstream monitor. They found that many of the SN
into a global geomagnetic substorm. TCR’s are explameq by solar wmq pressure pu'lses.

A pair of papers about to be submitted for publication ~Substorm Modeling and Predictiorthe nonlinear dy-
report the study of a several hour interval on March 24, 1998/amics and plasma physics group of A. Klimas, J. Valdivia,
when the Geotail spacecraft made more than 100 quasi pef?- Vassiliadis, and visitor J. Takal@Jniv. of Jyvaskyla
odic crossings of the dusk equatorial magnetotail boundar§XPanded their activities from the temporal aspects of geo-
14 R: tailward of the dawn/dusk meridian when then the magnetic and global magnetospheric activity to spatiotempo-
interplanetary magnetic field was very northward. A MHD ral modeling and prediction.
simulation of the Kelvin Helmholtz instability using mea-  Valdivia et al. (1998 modeled the ring-current related
sured upstream parameters reproduces the observations witignetic disturbances from a set of midlatitude magnetom-
good clarity. Large observed magnetic field fluctuations areeters. Their modeling procedure clearly shows the ring cur-
shown to be due to twisting of the field by the vortical flow rent longitudinal asymmetry and can be inverted to yield
when there is a small field component in the equatorial planegstimates of the local energy density of the current-carriers.
Magnetic reconnection occurs within the vortex that allowThey have been developing a mapping procedure that will
particles to enter the magnetosphere. This instability is probidentify the major disturbance sources: the symmetric and
ably an important way that energy, momentum and particle@symmetric ring current, the substorm current wedge, and
enter the magnetotail, at least when the interplanetary field ithe effects of solar wind pressure on the dayside magneto-
very northward. pause current.

Plasmoid EjectionJ. Slavin, D. Fairfield, M. Hesse, and  Similarly, for the high-latitude geomagnetic disturbances
R. Lepping have collaborated with ground-based and GEOthe nonlinear dynamics group has developed a spatiotempo-
TAIL investigators to investigate plasmoid formation and ral model of the activity from four magnetometer chains. The
ejection. In a new multi-spacecraft stu@avinet al, 1999  model is driven by solar wind electric field data and/or the
they examined a unique data set returned by IMP 8 and Gegolar cap geomagnetic index. This dynamic, nonlinear model
tail on January 29, 1995 during a substorm that resulted ifs an advance over present statistical models of the high-
the ejection of a plasmoid. The two spacecraft were situatethtitude geomagnetic disturbances. At its early stage the
in the north lobe of the tail and both observed a travelingmodel reproduces qualitative features of each substorm
compression regiofTCR). From single s/c observations phase, and there is very good quantitative agreement be-
only the length of the plasmoid in X and an estimate of itstween conventional indices and those produced by the
height in Z can be determined. However, they showed thamodel.
dual s/c measurements of TCRs can be used to model all The nonlinear dynamics group also continued to model
three dimensions of the underlying plasmoid and to estimatéhe AL/AU indices for geomagnetic activity and the Dst in-
of its rate of expansion. For this event plasmoid dimensionslex identifying nonlinear features that correspond to distinct
of AX ~ 18,AY ~ 30, andAZ ~ 10 R: are determined physical processes.
from the IMP 8 and Geotail lobe magnetic field measure- One of the major sources for the nonlinear response of the
ments. The earthward end of the plasmoid was inferred to bmagnetosphere to the solar wind driving is the stability of the

Flow Bursts and Substorm4. study by D. Fairfield and
coworkers of high velocity earthward plasma flow bursts o
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tail current sheet. While conventional theories advocate neasubstorm expansion phase, using the data of simultaneous
Earth neutral line formation or current disruption at a singleobservations from Geotail and GOES spacecraft and a global
or a few sites along the magnetotail, it is more probable thamodel of the field, including the contribution from the elec-
multiple reconnection or current disruption regions exist, andric current wedge on the night side.
that their interaction produces the irregular magnetospheric Storm-substorm Relatiot.-C. Fok and T. Moore have
response. By using 1-D and 2-D models of the magnetibeen studying the storm-substorm relation using a test-
configuration in the tail the nonlinear dynamics group hagparticle code and a kinetic model of the ring current. The
found power-law(fractal) distributions and power spectra equatorial flux at 12 Ris established by tracking particles
that are similar to those observed in situ, or on the groundbackward in time to their sources. The subsequent transport
The statistics of the observations can thus be accounted fand energization of this boundary flux are calculated using
by self-organized criticalitSOQ), a property of many ex- the ring current model. Various storm and substorm condi-
ternally driven complex systems composed of interactingions are simulated. They found that substorms occurring
nonlinear elements. during quiet times produce mainly enhancements in the
Terrestrial Plasma EnergizationM.-C. Fok, B. Giles, plasma sheet. However, substorms together with storm-time
and T. Moore explored the transport and energization of tereonvection bring particles well inside the geosynchronous
restrial plasma in the Earth’s magnetosphere, using theoreterbit and form a robust ring current.
cal tools guided by observations. They found that the ob- Comprehensive Computational Model of the Earth’s Ring
served features of magnetospheric substorms are weQurrent.M.-C. Fok and R. Wolf{Rice University have been
reproduced by the action of magnetotail dipolarizatithe  working on combining the Rice Convection Mod&CM)
opposite of tail stretching acting mainly on plasmas ema- and the Fok’s ring current model to form a comprehensive
nating from the Earth through the polar cap regions. Alsomodel of the Earth’'s ring current. Before the merging, the
they found that the substorm dipolarizations greatly amplifytwo models were used individually to simulate the same
the injection of plasma into the inner magnetosphere, aboveagnetic storm and results from the two models were com-
what would be produced by enhanced circulation. This resulpared. There was a very good agreement between the mod-
indicates that substorms do contribute to the development afls. The model merging is now taking place. RCM is modi-
global magnetospheric storms and their effects. This worKied to be a module to supply electric field information to
was also the basis for studies of the expected neutral atofok’s model. In turn, particle distributions calculated using
flux expected from magnetospheric storms, led by J. DFok’s model will be fed to RCM to update its electric field
Perez of Auburn Univ. Collaborating with G. Khazanov of calculation.
the Univ. of Alaska, and D. Delcourt of the CETP in St.  Simulations of Magnetotail Reconnectioh. Rastdter
Maur, France, they also explored the outflow of ionospheriand M. Hesse have studied the interaction of multiple recon-
plasmas through the auroral zones and polar cap regions, anéction sites in a three-dimensional semi-global simulation
the energization of plasmas of terrestrial origin, includingof the Earth’s magnetotail. The effects of tfrelative) loca-
electrons, in other diverse contexts. tion of the reconnection sites triggered by localized resistiv-
The Role of Ideal Ballooning Instabilities During the Sub- ity on the near-Earth current system were extensively inves-
storm Growth PhaseThe stability characteristics of an ideal tigated. Although the amplitudes of the currents parallel to
ballooning mode for tail and transitionéhil-like to dipolar-  the magnetic fieldfield-aligned currenysat the near-Earth
like) field configurations, using the MHD fluid description boundary(tail cross-section at -5 B decline rapidly with
were investigated by A. Sundaram and D. Fairfield. A two-the distance to the reconnection site in downtail direction the
dimensional equilibrium model for the tail as well as thetotal current generated remains fairly constant due to the
transition region between dipole-like to tail-like fields was widening of the current system originating from reconnec-
developed. Both local and non-local excitation of ballooningtion at larger distance. In a series of simulations competing
modes in these two regions were studied by including effectseconnection events were studied. A localized increase of the
associated with the plasma compressibility and the pressuioss-tail current, such as found in a thin current sheet of the
anisotropy. In the near-equatorial region, it was shown thapre-substorm magnetotail, can enable the reconnection site
the ballooning instability characteristics are sensitive to comfurther downtail to dominate the appearance of the near-
pressibility and pressure anisotropy effects. It was foundtarth current system. As the evolving plasmoids expand,
that, in the tail region, a non-local ballooning mode is ex-they interact and merge rapidly on their downtail travel while
cited with a fast growth time of 20 ms. In the transition a single large-scale system of field-aligned currents near the
region where tail-like and dipole-like field characteristics Earth develops.
prevail, it was demonstrated that the pressure anisotropy and Collisionless Dissipation and Magnetic Reconnectiih.
compressional mode coupling effects cause the excitation dfuznetsova and M. Hesse applied their modified hybrid
new ballooning modes that grow in a ms. Their analyticalmodel to the problem of collisionless dissipation in the mag-
model describing the dominance of ballooning modes in thaetic reconnection problem. This comprehensive hybrid
transition region supports recent substorm related observanodel includes both electron inertial and thermal, i.e.,
tions of shear Alfva coupled magnetosonic modes. pressure-based, effects. For current sheet widths of the order
Magnetospheric Fields During SubstormBl. Tsyga- of ion inertial lengths, they determined the dominance of
nenko made a first attempt to quantitatively represent thelectron pressure-based dissipation processes over inertial
dynamics of the magnetospheric magnetic field during thelissipation. This result was verified and extended using an
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electromagnetic particle-in-cell code, newly developed byunderlying acceleration mechanisms that are yet to be fully
M. Hesse. Using both explicit and implicit versions of this understood. SAMPEX has provided continuous coverage of
new tool, M. Hesse and D. Winsk&os Alamos National most of the entire outer zone beginning from a time just after
Laboratory were able to show that inertia-based dissipationthe previous solar maximum to present times. Comparison of
can be dominant if reconnection occurs in sheets of electrorflux enhancement events using data from widely separated
scale width. They also performed a step toward a transporspacecraft covering an energy range from hundreds of keV to
model representation of the pressure-based dissipation preeveral MeV and a broad range of pitch angles have demon-
cess. This effort was continued by M. Kuznetsova and Mstrated the global and coherent nature of these events.
Hesse, who used both the hybrid and electromagnetic simu- Plasma Sheet Kinkind4. Hesse and M. Kuznetsova with
lation codes for a detailed comparison. They showed thai. Birn and D. WinskgLos Alamos National Laboratoyy
small modifications are readily introduced into the modifiedused fully kinetic electromagnetic particle-in-cell and Hall-
hybrid model such that hybrid simulation results resembleMHD simulations to study the causes of plasma sheet kink-
closely the baseline fully kinetic model. They carried thising in both two- and three-dimensional models. They found
analysis further to devise a new physics-based transpottvo contributors to the kinking process: 1. a kinetic mode,
model for electron pressure effects. This relatively simplewhich operates independent of the velocity distribution, and
model shows great promise for the correct inclusion of ki-2. a velocity shear driven mode, similar to the Kelvin-
netic dissipation processes in large-scale magnetospheritelmholtz instability. The latter forms through the action of
models. a lower-hybrid drift mode that serves to generate shears in
Electron Dynamics at Reconnectiokl. Hesse and co- the plasma flow velocity. Other mechanisms yielding similar
workers investigated the electron dynamics in the dissipatiomesults are easily envisioned. A fluid instability grows in the
region of collisionless magnetic reconnection. They foundso-established flow shear and propagates in the current direc-
that kinetic electron effects generate substantial deviationson.
form MHD behavior, with electron inertia playing a major New 3D Particle-in-cell CodeM. Hesse developed a
role. Using their simulation model, they found the scaling ofnew, fully electromagnetic, three-dimensional particle-in-cell
the electron dissipation region for different electron massescode to study a variety of magnetospheric phenomena, rang-
They were therefore able to make an accurate prediction ahg from collisionless magnetic reconnection to current

the scale sizes to be found in reality. driven instabilities in the current layer of the magnetotail,
Magnetohydrodynamic Simulations of Magnetospheriowith a new implicit solver for the electromagnetic fields.
Dynamics.J. Birn (Los Alamos National Laboratoyy M. Magnetospheric Magnetic Field ModelindN. Tsyga-

Hesse, and G. Haerendel, W. Baumjohann, and K. Shiokawaenko has performed a statistical study of the near-Earth
(all Max-Planck Institute fu Extraterrestrische Physilex-  equatorial magnetic field depression, based on a set of data
tended earlier simulations of magnetospheric dynamics ifrom 20 months of POLAR magnetometer experiment in
order to perform a detailed study of magnetotail current dis1996—1998, supported by simultaneous information on the
ruption. This study demonstrated that current disruption andolar wind state by WIND and IMP 8 spacecraft. The work
magnetic reconnection are intimately linked and part of theaddressed the spatial distribution of the magnetic field, pro-
same large-scale magnetotail instability. The investigatiomduced by the magnetospheric currents near the dipole equa-
also focused on the exact way the cross-tail current becomesr at radial distances between 2.0 and 45 Rnd its de-
diverted to the ionosphere. Here they found that current dipendence on the ground Dst index, solar wind pressure, and
version relies to a lesser degree on the braking of fast flowthe interplanetary magnetic field. The inner field was found
then on pressure and magnetic field configurational changée have a significant noon-midnight and dawn-dusk asymme-
during the course of substorm expansion. try, sensitive to the Dst and the solar wind pressure. Tsyga-
lon Distributions During Bursty Bulk FlowsM. Kuz-  nenko also completed a study of the magnetic field depres-
netsova and M. Hesse have adapted and applied their nesion associated with the dayside magnetospheric polar cusps.
hybrid code that includes electron inertia to investigate ionin the noon sector, the cusp depression was found from the
distributions during bursty bulk flows. They found the gen-data of POLAR spacecraft in a relatively narrow latitudinal
eration of a localized burst of earthward flow that envelopsnterval, but extending over a wide range of the geocentric
an earthward propagating enhancement of the north-soutfistance. At closer distances the cusp depression was found
magnetic field component. Distribution functions obtainedto fade out due to a rapid increase of the geomagnetic field
near the propagating flux enhancement exhibit strong nongytowards Earth. The study has also shown that the cusp de-
rotropic anisotropies. The magnetic field evolution shows thgression becomes significantly shallower as one moves away
presence of fluctuations that resemble strongly actual spacé&om the noon meridian. A mathematical method was devel-
craft observations. The simulation results indicate that mageped for representing the observed polar cusp depression in
netic field fluctuations during dipolarization and bursty bulk quantitative magnetic field models of the geomagnetic field,
flows might be due to anisotropies in the ion distributions. making it possible to incorporate the realistic structure of the
Electron Acceleration in the Outer Zondsing energetic  polar cusps in the global models.
particle sensors aboard SAMPEX, POLAR and HEO satel- Adaptively Refined Global MHD Magnetosphere Simula-
lites, S. Kanekal and collaborators have studied the electrotions. Together with D. Spicer of Goddard’s Earth and Space
enhancement events in the outer zone of the magnetosphei@ata Computing Facility and P. MacNeice of Drexel Univer-
These enhancement events provide information regarding thsty, S. Curtis is developing the first global MHD simulation
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code of the terrestrial magnetosphere that rigorously keepsetic field model have been implemented by introducing
the divergence of the magnetic filed zero. Present efforts aneultiple current sheets. This has improved our results near
focused on developing very fast parallel versions of the codethe Sun and close to the equatorial plane.
A near term simulation objective of the code is to examine Heating the Solar CoroneDne theory of coronal heating
the dynamics of the terrestrial radiation belts under extremetates that the plasma is not heaiteditu at all. The apparent
interplanetary conditions in the context of a highly resolvedhigh temperatures result from a “velocity filtration” of non-
global magnetosphere structure. thermal electron distributions in the transition region and be-
Magnetopause ModelN. Tsyganenko devised a new |ow. This theory requires the formation of a non-Maxwellian
model of the magnetopause taking into account the effects Qfjectron distribution somewhere in the corona. ATaénA.
the dipole filt angle upon its global shape and the observegjimas, and H.-K. Wong have investigated the role of low-
deformation of the magnetospheric boundary in the vicinityseqyency fluctuating electric fields in producing nonthermal
of the polar cusps. All previous data-based models ignored, 5| glectron distributions. It is known that MHD waves
that effect, al_though its eX|sten_ce was predicted by theor)(:an possess significant electric field components parallel to
and was _conflrmed by ob_servatlons._ . N the background magnetic field in highplasmas. Numerical
Modeling of Astrophysical Accretion Diskk. Rastater simulations indicate that these fluctuating fields generate

and K. Schindler finished the investigation of iddabn- _— . X
A o X ., electron plasma oscillations and ion acoustic waves that then
resistive instabilities of the magnetosphere accretion disk

interface region by three-dimensional cylindrical MHD drive electron plasma turbulence. As the plasma waves are
simulations. It was found that gravitationally driven damped by the background electrons,. non—MaxweI!lan §u-
Rayleigh-Taylor modes of instability dominate the Shear_prathe.rmal tails are formed. An alternative gpproach is pemg
driven Kelvin-Helmholtz instability, even with the presence Nvestigated by D. A. Roberts, M. Goldstein and S. Kainer

of a large difference between magnetospheric and disk rotdising 1-D particle-in-cell simulations to determine whether
tion rates at the interface. small electric fields produced by the tendency of electrons to

“run away” from ions can also generate non-Maxwellian
electron distributions.

“Phase Mixing.” Phase mixing by velocity shear gener-
Solar Active RegionsMeasurements of solar active- ates sharp gradients that enhance the dissipation of ilfve
region magnetic fields using the 12.32n infrared emission  \aves. The formation of these gradients produces a signifi-
line has been carried out by D. Jennings, G. McCabe, Teant component of fluctuation wave vectors transverse to the

Moran, D. Deming and P. Sadd@niversity of Monterey, gpear. M. RudermariRussian Academy of Sciendes.
Mexico). The observations use the Goddard “Celeste” Cryo-Goldstein, D. A. Roberts, A. Deane, and L. Ofm@SFC,
genic grating spectrometer and the “Athena” cryogenic code 687 found that a fully nonlinear, spherical MHD code

Fabry-Eerot system, both at the McMath-Pierce telescope Qf,qed on the Flux-Corrected-TranspdCT) algorithm re-
the_ Natl_onal Solar Observatory on Kitt Peak. Celeste ObSer{)roduced the linear prediction that velocity shear will phase
vations in October 1998 produced the first large-format sun

¢ polarization(Stok Prelimi vsis of mix Alfvén waves and enhance their damping. As velocity
f‘r? ° pg etmza |on(| ]? ets—\)J m??ﬁ - re |m|?arf)_/ %na yS'Sh OI shear refracts wave vectors from parallel propagating to ob-
(sﬁzﬁ aesl 21re;/§r?1i?1e?1? :Lesé? enjmng)?glnia:; d'; t zr:rgr%o? Oq}’que directions, the symmetry of magnetic fluctuations will
easily seen ipn conventiongl v?sible magnetogr:ms evolve from transverse fluctuations having a “slab” symme-

MHD Model of the Solar Corona and Solar Wind. try to one that resembles the mixture of slab plus quasi-two-

semi-empirical 2-D MHD model of the solar corona and So_dlmensmnal symmetry that has been observed. The rel-

lar wind has been developed by E. Sittler and L. Gy.evance and importance of quasi-two-dimensional turbulence,

hathakurta CUA). The model makes 2-D maps of velocity, " which both the wave numbers and the magnetic fluctua-
effective temperature and effective heat flux. The model Célgions are nearly orthogonal to the background magnetic field,

culations are based on white light coronagraph observatiorf SPlar wind structure and evolution has been the subject of
from Skylab and SOHO anih situ plasma and magnetic considerable discussion.

field observations from Ulysses. This effort is supported un- | Wo-Dimensional Turbulencén related research, D. A.
der the SOHO Guest Investigator program. The model calRoberts, M. Goldstein, A. Deane, and S. Ghosh studied
culations applied to solar minimum conditions show theduasi-two-dimensional MHD turbulence using three-
presence of a multipole field with the dominant term beingdimensional simulations in which a two-dimensional state
the octupole term. The surface magnetic field strength ovewas held fixed at the inflow end of the box and the flow
the poles is estimated to be 12—15 Gauss. Over the poles tig/olved with distance. Cartesian cases were found to evolve
flow accelerates quite fast near the Sun and there are signiff€ry similarly to the pure two-dimensional expectation, but
cant non-radial terms at the boundary of the polar coronaspherical expansion led to a strong suppression of the non-
hole. Over the poles the temperature is at a minimum nedinear cascades, mainly due to the changing transverse time
the Sun(r < 2 Rg) while there is a large scale maximum scales. These results suggest that an initial distribution of
over the poles farther from the Sin~ 7 Rg). The heat flux  gquasi-two-dimensional turbulence in the inner corona could
shows a maximum over the poles with 2 X 10° erg/  not maintain highly Alfvaic correlations as it convects into
cn?/sec at the base of the corona. The model compares wethe solar wind. The results also suggest that significant frac-
with in situ observations at 1 AU. Improvements to the mag-tion of solar wind fluctuations observed to be comprised of

4.3 Heliospheric and Solar Physics
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wave numbers transverse to the local Parker magnetic fieldthers presented ion-acoustic wave observations near inter-
probably arises from velocity shear. planetary shocks, showing that the probability of wave oc-
Alfven Wave InteractionsS. Ghosh, D. A. Roberts, M. currence is highly correlated with the ratio of electron to ion
Goldstein and W. H. MatthaeuBartol Research Institute temperatures. N. Lin, P. Kellogg, R. MacDowall, and others
conducted MHD spectral code simulation studies of the in-also studied Ulysses VLF wave observations to understand
teraction of parallel-propagating Alfme waves with the mechanisms that regulate electron heat flux. It is found
pressure-balancetPB) structures, velocity shears, and ve- that VLF electrostatic waves are enhanced during periods of
locity microstreams. They found that refractive effects in thereduced heat flux, suggesting that these waves are involved
case of PB structureffluctuations with vector components in heat flux regulation.
parallel to the mean magnetic figldand convection in the R. Hess and R. MacDowall studied the scattering of radio
case of velocity shears, rapidly diverted parallel-propagatingvaves due to fluctuations in electron density in the interplan-
waves to turbulent Alfveic fluctuations with highly oblique etary medium. Measurements were made of the apparent an-
wave vectors. The magnetic variance ratios show a minimurngular size of the source of Jovian narrow-band kilometric
variance in the mean magnetic field direction, although theadiation using the URAP instrument on the Ulysses space-
wave vectors are primarily oblique. This work suggests thatraft. The results gave a large angular size, which ap-
only a small fraction of solar wind observations with high proached 359%half-angle when Ulysses was approximately
velocity-magnetic field correlations may be due to field-1 AU from Jupiter. Since the geometric source size should be
aligned Alfven waves. very small at that distance, scattering of the radio waves
Evolution of Solar Wind Turbulenc®. A. Roberts, M.  from density fluctuations in the interplanetary medium is
Goldstein, and A. Deane using the FCT simulation codepresumed responsible for the large apparent size. These re-
have shown that turbulent cascades can occur in sphericallults were presented at a Chapman Conference in Paris.
expanding winds. The rate of cascade decreases as the rate ofCorrelation of Interplanetary Structure#\ study of the
expansion increases. In the most rapidly expanding cases, morrelation between plasma measurements by SOHO at L1
appreciable cascade occurs, although the original mode speand by WIND in its double lunar swingby orbit was carried
trum still relaxed to a -5/3 power law. These results will helpout by a collaboration of K. Ogilvie, A. J. Lazar@lIT) and
to elucidate the role of turbulence in heating heliospheridM. Coplan(UMCP). The ranges of spacecraft separation are
plasmas and in assessing the importance of cascades in ap to 240 R in the Xse direction< 100 R: in Yse, and
celerating and heating the solar corona. The FCT code alse& 20 R: in the Zse direction. With time resolutions of 5
confirmed the basic idea that velocity shear, especially wheminutes and 96 seconds it has been possible to separate the
associated with magnetic shear, leads to strong evolution iadvective delay of the solar wind from the corotational de-
the Alfvenicity of the initial population. lay. Calculated correlation coefficients between fluxes, den-
Evidence for a “Vortex Street” in the Outer Heliosphere. sities and velocities observed at the two spacecraft are often
Further work with the same MHD code by D. A. Roberts, M. greater than 0.75, but clear intervals exists when this is not
Goldstein, and E. Siregar, showed that the “vortex street”so. The corotational delay, if interpreted in terms of an angle
interpretation of regular oscillations in the heliosphericof a corotating disturbance propagating radially, such fronts
plasma in the outer heliosphere at solar minimum remainare frequently aligned at a smaller angle than the interplan-
viable. One recent objection was that Kelvin-Helmholtz in- etary magnetic field when the correlation coefficient exceeds
stabilities are suppressed by the supersonic velocity jump8.8. These studies are being extended to three dimensions.
observed, but nonlinear simulations show that although the Large Scale Curvature of Interplanetary Magnetic Field
flow becomes more turbulent, the interaction of nearby vor-Structures.Using interplanetary magnetic field data from
tex layers still leads to the alternating flows, as observed. three spacecraft, WIND, IMP 8, and Geotail, M. Collier, A.
Incorporating the Dissipation Range of MHD Turbulence Szabo, J. Slavin, and R. Lepping have determined the char-
into Numerical SimulationsThe turbulent cascade of Alfme  acteristic radius of curvature of interplanetary magnetic field
waves leads, via cyclotron interactions, to anisotropic heatstructures. Results indicate that the typical radius of curva-
ing of protons. E. Siregar, A. Vas, and M. Goldstein de- ture is greater than 100 Rwith values frequently in the
veloped a model of a limited closure for parallel-propagatingrange of many hundreds of Earth radii. The investigators
proton cyclotron waves using kinetic information from hy- have proposed a two scale-length model for interplanetary
brid simulations. The simulations showed that coupling be-magnetic field structures: one scale-length on the order of
tween resonant protons, nonresonant protons, and wavesany tens of Earth radii representing structure coherency
leads to strong anticorrelations in timigp to -0.99 between and another scale-length on the order of many hundreds of
the parallel and perpendicular pressures when proper accoularth radii representing large-scale structure geometry.
was taken of nonlocal behavior in resonant interactions. A Global Models of the Solar WindJlysses observations
new nonadiabatic quasi-invariant was discovered for low-during the fast latitude scan in 1994—1995 showed that dur-
collisional cyclotron resonant wave-damping processes. Thiang that period of minimum solar activity, the heliosphere
quasi-invariant predicted an inverse plasma dependence faras nearly axisymmetric, steady, and was dominated by fast
the quasi-steady anisotropic state, as observed in simulationsolar wind except for an equatorial bard 40° wide. The
Wave Particle InteractionsUlysses observations were fast flows in each hemisphere were relatively structure-free,
used to explore a number of the wave particle interactionsinipolar and had opposite magnetic field polarities, resem-
that occur in the heliosphere. R. Hess, R. MacDowall, andling those of polar coronal holes. An important finding of
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Ulysses was the observed lack of dependence on heliolatstatistical properties, such as sizes, field strengths on the axes
tude of the radial component of the heliospheric magnetiof the clouds, and vector quantities such as the attitude of the
field in fast solar wind, implying the existence of a concen-axes and spacecraft impact parameters.
tration of current in the heliospheric current sheet. A. Us- Comparison of Magnetic Clouds: Solar Maximum vs. So-
manov (Institute of Physics, St. Petersburgnd M. Gold-  lar Minimum. The characteristics of magnetic clouds, based
stein used a steady-state global axisymmetric MHD model t@rimarily on force free model fitting, have been compared by
reproduce quantitatively the Ulysses observations and, il. Berdichevsky and R. Lepping for the active vs. quiet parts
particular, to account for the transformation of a dipolarof the solar cycle. The data used is from the IMP 8 spacecraft
magnetic field near the Sun into the configuration observeéh the years 1967-72 and 1978-82 for solar max. and
at large heliocentric distances. mainly from WIND for solar min. for the years 1995 through
The Heliospheric Current Sheéfthe heliospheric current 1998. Many quantities are being compared, but so far the
sheet (HCS), the largest coherent heliospheric structure,cloud's axial field(Bo), the size in terms of the rope’s diam-
separates the two opposite polarity sectors of the heliosphergter (Do), and the resulting estimated magnetic f(&x have
A. Szabo, R. Lepping and D. LarsgWniversity of Califor-  peen examined, revealing that, as we go from solar min. to
nia at Berkeley, studying multispacecraft observations of max Bo shifts slightly to higher values and is more broadly
the HCS, found that many local field reversals are not markyistriputed, similarly for Do, and even more dramatically so
ing actual crossings from one sector polarity to anotherso, £ Most prominent is the increase in the spread of the

Moreover, some of these “fake” current sheet crossings arg | yes(the standard deviationscompared to the averages,
quite local in nature, smaller than some of the interspacecraff, this progression.

separations € 5'0 RE).The generation mechanisms of these Examples of Fast Interplanetary Transients. Ber-
extreme magnetic field shears are not well understood but ar(ﬁchevsky, .G. RichardsoflUMCP), B. Thompson, D.

suspected to be the remains of solar coronal dynamic aCtiVReames R. MacDowall, M. Kaiser, R. Lepping, K. Ogilvie

'ty's lar Radio BurstsConsiderabl de | and R. Stone, with S. P. Plunkett, and D. J. Mich@&L/
th oarl & I?t urslis oln5|berat € p(;otgr]]rgss Wasl Ta N 'Itrr]1DC) presented past and current “Examples of fast solar wind
€ analysis ot ype 1 solar bursts and their correiation wi transients, their sources and the forecast of possible geomag-
CMEs including the first-ever encounter with a type Il source_ .. o . . .
region (Bale et al, 1999. Much of the solar effort was netic activity” at the fifth Latin-American conference of
g N : eg,eophysics in Costa Rica, November, 1998. The presented

aimed toward showing that often two shocks are associat .
: . examples of transients at the Sun tracked to the Earth and
with a CME, namely the shock driven by the CME and the S . . .
explored similarities between these solar ejecta, including

blast wave shock associated with flares occurring during thé ible interolanet tic clouds ob d in 1982

CME. The driven shocks sometimes cause interplanetar 0SSl fh mderp anetary mtag:tehmzclou ls ° s:arve dl'n 1998

type Il radio bursts at decameter and longer wavelength uning the decreasing part o thé 21 sofar cycle and in
uring the rising phase of the 23 solar cycle. The space-

observed by the WAVES radio and plasma wave instrumen o _ L
onboard the WIND spacecraft. The blast wave shocks ar}g/eather significance of the observations and the possibility

associated with metric wavelength type Il bursts observed bl fprecagt these most dls.rupt|ve occurrences of the geomag-
ground-based radio telescopes and these shocks rarely, EliC environment were discussed. n
Error Study in Magnetic Cloud Model Fitting: Effects of

ever, propagate into interplanetary spa@@opalswamy o ;
etal. 1999 Reiner and Kaiser. 1999: and Reiretral. an Elliptical Cross-SectionThe study of the errors expected

1999. Also, a very rare “U” burst associated with a CME for magnetic cloud model fit-parameters in terms of the level
was observedLeblancet al, 1998. qf the “noise” in t_he cloud's magnetic field has been con-
G. Thejappa and R. MacDowall analyzed the wave activiinuéd by R. Lepping, D. Berdichevsky, and A. Szabo. The
ity associated with a local type Il event, which shows evi-Study uses a force free flux rope of cylindrical shape as ap-
dence for near simultaneous occurrence of ion-acoustilied to WIND magnetic field data. The new part of the
whistler, and Langmuir waves, suggesting the coexistence ¢{udy entails simulating various magnetic clouds with ellip-
weak and strong turbulence processes. G. Thejappa, Mical cross-sections and subsequently fitting them by a simple
Goldstein, R. MacDowall, K. Papadopoulos, and R. stoneearlier model, developed for the circular cross-section, and
presented evidence for Ulysses observations of Langmuir efben examining the difference between the “observations™
velope solitons associated with solar type Il bursts. SucHsimulationg and the model results. Preliminary results, from
observations confirm that strong turbulence processes are r@-small number of case@bout 10 indicate that deviation
sponsible for stabilizing the type Ill electron beam. from a circular cross-section is very slight. If this slight de-
Magnetic Clouds during Solar Minimurd summary of  viation is real, and more cases will be needed to prove it, the
the properties of magnetic clouds based on a long term studshort axis of the ellipse is approximately in the ecliptic plane.
of WIND events from launch to late 1998 has been preparedhis may indicate that some flux ropes may be squeezed
by R. Lepping, D. Berdichevsky, A. Szabo, L. Burlaga, andfrom back to front in the ecliptic plane, which is what one
A. Lazarus(MIT). The cloud parameters are from the ongo-would expect, if there were any compression of external
ing list of magnetic clouds and their model fitted values conplasma on the magnetic cloud as it plows through the solar
tained in the WIND/MFI Website. The study encompassedvind and/or occasionally experiences stream compression at
the magnetic cloud profiles of the field, density, bulk speedthe rear. Difference fields between the two kinds of simu-
proton thermal speed, proton plasiBa as well as various lated clouds, circular vs. elliptical cross-sectional cases, were
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generated and put on the WIND/MFI's Website to describeand F. Mariani(University of Romé. The shocks were ana-
the differences in their profiles. lyzed using two independent techniquearious coplanarity
Reconnection Remnants Inside a Magnetic Cldusing  methods vs. the more modern Rankine-Hugoniot least-
data from WIND/MFI, WIND/SWE, WIND/3DP, and squares fitting methgdand the results compared including
WIND/Mass, M. Collier, W. Farrell, A. Szabo, J. Slavin, R. shock surface normals, shock speeds and Mach numbers. For
Lepping, R. Fitzenreiter, and L. Ofman in collaboration with most events there was surprisingly good agreement between
other investigators have assembled observations of an uithe methods. The shocks were separated according to those
usual “shock in formation” inside the 18—20 October 1995 driven by transients or those by quasi-periodic structures and
magnetic cloud. The investigators interpret the particle angome not determined to be either. The statistical analysis of
field observations as resulting from the footpoints of thethe orientations of the shock normals suggests that interplan-
magnetic cloud reconnecting at low altitude, between 2 and §tary shocks would in general have an orientation of propa-
solar radii. gation in longitude from almost nearly eastward to close to
Discovery of a Dual-Axial Polarity Flux Rope-Magnetic normal to a tightly winding Parker spiral. The winding angle
Cloud. An unusual interplanetary magnetic cloud observed®f this Parker spiral would be- 36°, close to the theoreti-
by WIND on February 4 and 5, 1998 has been shown by Rcally derived value at 1 AU.
Lepping, D. Berdichevsky, A. Szabo, and L. Burlaga to be a  Interplanetary Shock Geometrylsing WIND and ACE
magnetic flux rope with one axial field polarity in an inner Observations of the same interplanetai{) shocks A.
region (called the “core”) just outside of whichin an “an- ~ Szabo, in collaboration with C. W. SmitfBartol), and R.
nular” region) is an opposite axial field polarity. This overall Tokar and R. SkoudLANL), has demonstrated that non-
field structure satisfies the model of a cylindrically symmet-negligible deviations between the corresponding shock nor-
ric linear force free flux rope, as most solar wind magnetichals exist. It is suggested that the IP shock surfaces have
clouds do, but has this peculiar aspect of this dual axial podeformations on the scale of 10s of R

larity. It also had a relatively large diameter of about 0.3 AU.  The Outer HeliosphereMerged interactions were identi-
All other observed magnetic clouds have a single axial pofied in both Voyager 1V1) and Voyager 2V2) data by L.

larity. The linear force free formulation, generally used for Burlaga in the period of calendar day 260-315. The mag-

studying these interplanetary magnetic clouds, had alway_gem polarities at V1 were uniformly positive, indi<_:ating that
allowed for this complex structure, but there were physical't was above the sector zone in the northern hemisphere. The

reasons to restrict the analysis interval to a smaller radidpolarities at V2 were mixed, indicating that V2 was within
value, i.e., to where the axial field goes to zero. In this pe-the sector zone. The different polarity distributions observed

culiar case the symmetric profile allowed a significantyPy V1 and V2 indicate that they were observing separate

larger cross-section than the standard one, and it still satid¥/érged Interaction Region®/IRs) rather than two parts of

fied the same mathematical formulation: hence, it allowed® Single Global Merged Interaction Region. The MIRs did

for a more complex flux rope structure, suggesting an exot cause a net modulation effect, but they did sweep up and

traordinary solar birth condition. act as barriers to low energy particle.

Electrons in Magnetic Clouds/oyager electron plasma hThe Eropagation 0‘; shc:(cks in the distanlt heliospdher(ra],
observations inside of 5 AU were analyzed by E. Sittler andVhere the pressure of pickup protons greatly exceeds the

L. Burlaga under the support of the Heliospheric Structure?'€Ssure of the magnetic field and solar wind, was investi-

and Dynamics program. This work has resulted in a paper Ogated in a series of papers by L. Burlaga. Shocks become

electron thermal properties within magnetic clouds. FuturdV€aker between approximately 30 AU and the termination

. : . - hock by~ 20%. When an interplanetary shock interacts
| lude the study of th ties for CME ST U7
2::?5 inciude the study ot theil properties for s ihgen with the termination shock both shocks become weaker. The

Small Flux Ropes Discovered in the Solar Wisall- termination shock moves toward and away from the Sun

scale magnetic flux ropes have been discovered in the solo{\glﬁzg ;?feg?:iveervgltgvg;jaf:éar ucgr?:ifétﬁgOfutsrilﬁsevzhgczr
wind data at 1 AU based on WIND and IMP 8 observations q y g voyag

by M. Moldwin, R. Lepping, J. Slavin, and A. Szabo. The:sedata as inputs.

small-scale structure@verage diameter of 270gR have

some similar properties to interplanetary magnetic clouds5. SPACE SCIENCE MISSIONS: OPERATIONAL

but are much smaller and have much shorter durations of 10§1 IMP 8

of minutes, as compared to large fractions of a day or moré”

for clouds. Also they have typical proton temperatures dis- Magnetic Field Investigation (MAG)The fall of 1999

tinctly lower than the average temperatures for clouds. Thenarks the 26th anniversary of IMP 8’s operation in orbit.

small flux ropes have been very successfully fitted with theThis spacecraft has provided useful fields and particles data

same force free model used for the magnetic clouds, witlover that lifetime, and it continues in its role as an important

usually even better success for fitting the magnitude of thearticipant in the ISTP program. It still functions as upstream

field. solar wind monitor, along with ACE and WIND, especially
Interplanetary Shocks During the First 2.5 Years ofwhen it has a very favorable position, and increasingly it acts

WIND. A comprehensive list of interplanetary shocks cover-as a source of useful magnetospheric data, especially magne-

ing the first 2.5 years of the WIND mission has been com-+otail data. Because of its longevity, IMP 8 has contributed

piled by D. Berdichevsky, A. Szabo, R. Lepping, A.-F- %@ valuable data to solar, solar wind, magnetospheric, and cos-
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mic ray physics for over a complete solar cydiee., 22 Geotail continues to advance knowledge of basic mag-
years, and is unique in that regard. IMP 8's role has beennetospheric issues such as the entry and redistribution of en-
enhanced by assuming a partnership with many other spacergy and particles in the magnetotail. Several studies com-
craft by helping to form various positional constellations paring high velocity flows and auroral images have revealed
with them for ISTP correlative studies. The magnetometea close correspondence between these phenomena. The flows
team (R. Lepping, P.). continues to develop the MAG’s are rather localized and studies of simultaneous measure-
Website, which provides IMP 8 magnetic field data in a usements with Interball and WIND in the tail continue to help
ful form to the public, as well as a description of the inves-determine the relevant scales. Most Geotail studies support
tigation. A major effort is underway to produce very high reconnection as the important mechanism producing sub-
resolution IMP 8 magnetic field data for the entire mission.storms, but the role of the inner magnetosphere remains con-
Other on-campus co-investigators are A. Szabo and J. Slavinoversial. Particle beams are seen flowing down the tail in
and an off campus co-investigator is N. Ness, at Bartol Rethe lobe/mantle region. Sometimes ionospheric oxygen and

search Institute at the Univ. of Delaware. helium are observed that have apparently been accelerated by
the same energy. Other ions seem to enter the tail directly
5.2 Voyagers 1 and 2 across the tail boundary.

Magnetic Fields InvestigationThe magnetometers on
Voyagers 1 and 2 continue to function as designed and return
data from unexplored regions of the distant heliosphere eg.5 WIND
route to the termination shock and heliosheath. Voyager 1 is
now beyond 72 AU at a latitude of 33°N while Voyager 2 Project StatusThe WIND spacecraft completed its first
is approaching 57 AU at a latitude ef 20°S. L. Burlaga is  series of high-inclination petal orbits on April 1, 1999. From
responsible for the reduction of the data and is active in the—15 April, WIND executed a backflip maneuver that took

analysis of these data. the spacecraft, with the assistance of two close lunar flybys,
from the nightside to the dayside of Earth, rotating the orbit
5.3 Ulysses line of apsides by 180°. Although this maneuver was known

URAPS and SWICShe Ulysses spacecraft is now in the to be theoretically possw_)le, WINIZ? was the first spacec_raft
ever to execute a backflip. WIND’s current planned trajec-

second orbit of its exploration of the high-latitude helio- fory design, which takes it through 2002, includes low-

sphere. In 1999, the spacecraft was well on its way to §hclination petals, dayside double-lunar swingby orbits, and
second overflight of the southern solar pole. With the ap- P » daysl . . 9oy ’

. o . .. several Earth-return trajectories that will take the spacecraft
proach of solar maximum, it is expected that the high latitude

heliosphere will appear more similar to that at low latitudesCUt © about 275 Rabove the dawn and dusk terminators of

than was the case for the first Ulysses orbit. The GSFC conc 2rth- The eight instruments on WIND continue to function

tributions to Ulysses include involvement with two of its gg(rjmr?]lgy 22?0?(;2::rgzgaﬁgcgyi?;d:t:rf;ﬁn\}vtn\?;o'?; v:;nn?
instruments: the Unified Radio and Plasma Wave investigat—hrou hgzooo apre de'scribetlj by Desa VI (1999. K Op ”_g
tion (URAP) and the Solar Wind lon Composition Spectrom—Vie isg the Project Scientist gnd M. Désch isI tHe %eputy

eter (SWICS. URAP co-investigators in the LEP are M. . _—
; ) : Project Scientist for WIND.
Desch, J. Fainberg, M. Goldstein, M. Kaiser, R. MacDowall Magnetic Fields Investigation (MFI)The WIND MFI

(Principal Investigatgr M. Reiner, and R. Ston@| Emeri- . . .
tus); K. Ogilvie is a co-investigator on the SWICS team. magne_tor_n_eter system_ continues to operate r!ommally, _|ts

data significantly contributes to many space science studies
around the worldmuch of which is conveniently obtained
5.4 GEOTAIL . : :

directly on line as key parameter or in-house produced)data

Project StatusThe Geotail spacecraft continues to pro- and the MFI team often collaborates directly in many of

vide excellent data fromst9 x 30 R equatorial orbit as it these studies. The MFI investigation’s Website has been aug-
begins its eighth year of operation. Although lack of onboardmented over the last year, especially in the areas of magnetic
fuel precludes any further orbit changes to avoid the lowclouds and the magnetotail. MFI's Website contains an ex-
temperatures associated with long apogee eclipses, Geotédnsive bibliography of over 110 itenfalmost all of which
survived a four-hour eclipse last February that was twice aare in refereed journglswhich continues to grow rapidly
long as the spacecraft was designed to withstand. After abaring witness to the value of the MFI data and the industry
equally long eclipse next year the eclipses will becomeof the team. Plans continue to produce the highest resolution
shorter. Much Geotail data is now available via the webmagnetic field data on a production basis. The LEP members
particularly CPI plasma data from the solar wind detectorof the MFI team are M. Acum, L. Burlaga, M. Collier, W.
and LEP plasma data from both the solar wind and energetiEarrell, R. Kennon, R. Leppin¢P.l), J. Scheifele, J. Slavin,
plasma detector. The later data along with the MGF magA. Szabo, and E. Worley; there are five off campus members
netic field data is available via the Japanese DARTS systenalso.
Within the last year problems with the MGF experiment Solar Wind Experiment (SWEJhe WIND Solar Wind
have necessitated placing the outboard sensor permanently iixperiment(SWE) continues to operate successfully, yield-
the 64 nT range, but this should not have a serious impact oimg Key Parameters for the solar wind, and electron moment
the mission science. gquantities at 6-sec time resolution. The P.I. is K. Ogilvie.
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5.6 FAST tuations in intensity of the solar wind that appear to control

. , . . ionospheric outflows. Current theories suggest that the orien-
Project StatusNASA's FAST satellite continues to ac- tation of the interplanetary magnetic field should be more

quire exc_ellent data and provides an exciting new look Or]mportant, but this was found to have negligible observa-
accelgraﬂon processes at the mterface OT the hot, magnetﬂ- nal effect on ionospheric outflow flux. This work involved
spheric plasma and the cool, ionospheric plasma. Severa tensive collaboration with investigators on other ISTP

major discoveries have already been _reported by the FAS_Epacecraft and is continuing through the next solar maximum
science team. Instruments on FAST include fast energetlgeriod in a few years

electron and ion spectrometers, vector DC and AC electri Polar Electric Field Instrument (EFl)The payload of

e_md _magnetlc field det_ect_ors,_and an energetic 10N COMPOS ) AR includes the first vector electric field instrument to
tion instrument. The principal investigator for FAST is C. W. be flown in the Earth’s magnetosphere. In-depth studies un-

CarIs_on(Unlv. of Cahforma gt Berkeley R. Pfaff O.f the dertaken by LEP scientists continue investigating electric

LEP is the NASA Project Scientist for the FAST mission. fields in the cusp. The principal investigator of EFI is F.
Mozer (University of California at Berkeley At the LEP,

5.7 POLAR the electric field team consists of R. Pfaff and M. Hesse.

Project StatusPolar operations, especially in conjunction _
with ground-based facilities, continue to provide valuable®-8 Galileo

data pertaining to the passage of energy from the solar wind Radio Sciencef. Flasar and P. Schinder have continued
through the polar magnetosphere. Comprehensive particlgfiejr analysis of Jupiter’s ionosphere from radio occultations
and fields observations are acquired in the high-latitude maghat occurred during the orbital tour. The Galileo mission
netosphere, low altitude polar magnetosphere and during trahys far has provided 15 usable occultation entry and exit
jeCtorieS through the radiation belts. Multispectl‘al imageS OgoundingS, far more than from all previous Spacecraft mis-
the aurora are obtained at latitudes over the polar regiongjons combined. The individual retrieved profiles of electron
The line of apogees is slowly precessing towards the equat@fensity attest to an active and heterogeneous ionosphere.
at a rate of about 16° per year, with apogee at the end ofeveral of the profiles exhibit a series of sharp peaks at alti-
FY99 at about 50°. Twice each year the spin axis of thgydes below 750 km(above the 1-bar levelthat may be
satellite is inverted for thermal and power reasons. Sufficienindicative of forcing by internal gravity waves, propagating
fuel remains on-board to continue the maneuvers until spring,pward from lower in the atmosphere. The dispersion rela-
of 2002. No Significant instrument or Spacecraft anomalies Ofion of gravity waves links the vertical Wave|ength’ horizon-

a permanent nature occurred during the past year. On Augugd| phase velocity relative to the horizontal winds, and the
2, the ground stations lost telemetry from the satellite for asertical gradient in temperature. The vertical wavelengths
number of hours. The problem manifested itself in the inabil—imp"ed by separation of the electron density peaks, together
ity of the spacecraft to respond to normal ground commandsyjith knowledge of the vertical profile of temperature from
Evaluation of spacecraft and instrument telemetry showegajileo probe measurements, can thus serve as a probe of the

that main power had not been interrupted to spacecraft sulirorizontal winds in Jupiter's ionosphere, where they are vir-
systems or instruments. However, normal operation of theually unconstrained at present.

despun platform was interrupted, and the clock was reset to
1995. Instruments were brought back into normal operationg 9 Cassini
after several days with no apparent permanent effect. The’
cause of the anomaly is being investigated, but at this point Composite InfraRed Spectrometer (CIR&)Kunde (PI),
cannot be related to solar activity. Other spacecraft experid. Brasunas, G. Bjoraker, F. Flasar, D. Jennings, J. Pearl, P.
enced anomalous operations at about the same time. This f&lomani, R. Samuelson, R. Achterberg, and M. Smith have
the spacecraft will experience long eclipse periods. Attemptdeen active in monitoring the CIRS instrument operation on
will be made to obtain data from the Plasma Wave Instruthe spacecraft, and in planning the science observations of
ment, which failed in September 1997 due to a low voltageSaturn, its rings, and its satellites, including Titan, during the
power supply malfunction, by cooling the instrument during 75-orbit, 4-year tour that begins in July, 2004. CIRS is a
the eclipses and operating immediately following exit. Pre-Fourier-transform spectrometer that measures radiances in
viously indications were received that the power supplythe thermal infrared between 10 chand 1400 cm? (1
when very cold, may be able to increase its voltage outpumm and 7um) with a spectral resolution up to 0.5 crh A
sufficiently to operate the low rate processor that operates thepacecraft-wide instrument checkout in January, 1999 indi-
Multichannel Analyzer and the Step Frequency Receiver. cated that the instrument is operating well, and preparations
Thermal lon Dynamics Experiment-Plasma Source In-are underway for a second checkout, beginning in the sum-
strument (TIDE-PSI)B. Giles and T. Moore noticed that a mer of 2000. CIRS is currently “closed up tight,” in that
very clearly-observed solar coronal mass ejection event prdioth the covers of the telescope and of the passive cooler for
duced a sympathetic ionospheric mass ejection from thés mid-infrared detector arrays are in place. These will be
Earth. The mass flux from the Earth increased by over tweajected over the coming year, with the cooler cover ejecting
orders of magnitude in this event. Placing this result in than April 2000, and the telescope cover later, in early October.
context of long term statistical observations extending back’he passage by Jupiter at the end of 2000 presents the op-
to the solar maximum in 1981, they found that it is the fluc-portunity of observing that planetary system, providing a
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more thorough checkout of the Cassini orbiter instrumentElark, S. Floyd, T. McClanahan, R. Starr, L. Nittler, and D.
and the acquisition of some uniqgue measurements of sciefNava, is involved in the operation of the NEAR XGRS and
tific value. system during the cruise and orbital phases of the mission.
Radio and Plasma Wave Experiment (RPW@ijth the Instrument operations were verified. Observations of solar
RPWS team lead by D. Gurnettniversity of lowg, LEP  spectra during high activity periods have been obtained.
investigators M. Kaiser, M. Desch, and W. Farrell have beeThese spectra show both continuum and discrete line cal-
involved in the search for lightning on Venus using the VLF cium and iron emissions. Information on gamma-ray detector
and HF receivers. Presentations from the RPWS team hawativation due to cosmic rays has been obtained. XGRS has
been made regarding this search. LEP team members are alseen included in the Inter-Planetary NetwdiRN) for the
using the RPWS to examine planetary emissions from Jupidetection of Gamma-Ray Burst§RB). The IPN now incor-
ter. porates GRB information from NEAR, Ulysses, Compton-
Radio ScienceThe first instrument checkout also went GRO, GGS-WIND, and Konus. The precision of the timing
well for the radio science experiment, which uses the spacesf the NEAR XGRS GRB detection system has been deter-
craft’'s high-gain antenna and the ground receiving stations tmined by using the detection of the GRB-associated optical
transmit monochromatic radiation at the @3 cm), X- (3.6  transient GRB 990510. The arrival time at Eros is now Feb-
cm) and Ka(1 cm) bands to study atmospheric and iono- ruary 2000. The XGRS data acquisition, management, and
spheric structure, the structure of Saturn’s rings, the gravit@nalysis are now ready to handle to thousands of spectra that
fields of Saturn and its satellites, and general relativistic pheare expected to be measured in orbit around Eros. These
nomena. During the first checkout, the spacecraft pointingpbservations will be used to obtain elemental composition
was limited, using only thrusters for attitude control, so themaps of the surface of Eros. These mapped compositions
tests for the Ka band, which has the narrowest beamwiith will be compared to known meteorite compositions in order
mrad were relatively crude. These will be repeated duringto ascertain whether Eros has the characteristics of any of
the second checkout in the summer of 2000, when the spactiese meteorite types. These maps will also be of importance
craft will operate on reaction wheels and have more accurat@ determining the nature of formation and evolution of the
attitude control. F. Flasar has been active in planning radidros.
occultations of Titan's atmosphere. The occultations will Magnetic Fields Experiment (MFE)The NEAR space-
provide the only capability of retrieving atmospheric tem- craft is expected to arrive at Eros 433 in February 2000, and
peratures in the lowest 30 km of Titan's atmosphere by thevill remain in orbit around the asteroid for 1 year. The ren-
orbiter instruments, and the science team has been workindezvous was delayed because of a failed rendezvous burn
with mission planners to ensure that there is a good latitudenaneuver on December 20, 1998. The mission was recov-
distribution of occultations on Titan. ered and a successful rendezvous burn maneuver was accom-
Plasma Spectrometer (CAP%). Sittler has been leading plished on January 3,1999. This spacecraft is instrumented
the effort at GSFC as co-investigator for the Cassini Plasmavith a Magnetic Field Experiment that was developed jointly
SpectrometeCAPS. The LEP team has delivered flight by GSFC and JHU/APL with scientific participation by
software for the second procesg@PU2 of the Data Pro- UCLA-IGPP. The team leader is an LEP scientist, M. Agun
cessing Unit(DPU) and the Spectrum Analyzer Module Magnetic field measurements will be crucial in providing
(SAM). This software effort primarily supports the operation data about the nature of the interior of Eros.
of the lon Mass SpectrometdMS). SAM, that deconvolves
the time-of-flight mass spectra of the IMS, was developed a5.11 Mars Global Surveyor
GSFC. The team has also supported check@®-1) and is

- : : Magnetometer-Electron  Reflectometer  Investigation
now preparing for Earth swingby. E. Sittler has been collabo- o
rating with R. Hartle on the interaction with Titan with spe- (MAG/ER).The Mars Global Surveyor spacecratt, in its final

cial emphasis on pickup ions and what CAPS would seer‘napping orbit since April 1999, is instrumented with a mag-

Here a model is being developed of the interaction and folnetometer and electron spectrome.ter.designed to make accu-
lowing the trajectories of pickup ions in the complex electric "t measurem_ents of the magnetlc_ f|e|_ds a}nd plasmas n the
and magnetic fields of the interaction. The model is not selfear Mgrs environment. The Investigation s a collaborative
consistent but is rather guided by situ observations of the effort with major hardware responsibilities shared by GSFC,

interaction. Presently Voyager 1 observations are used ast%e University of California at Berkeley, and the University

guide with anticipation of improvement once Cassini gets to” Toulogse. The principal mvesﬂg_ator IS M. A_czmru)f Fhe
Saturn. LEP. He is supported by two other in-house co-investigators,

J. E. P. Connerney and P. Wasilewski in addition to the team
members at the other participating institutions. Vector mag-
netic field observations of the Martian crust were acquired by
X-Ray/Gamma Ray Investigation (XGRShe NEAR MAG/ER during the aerobreaking and science phasing or-
x-ray/lgamma-ray team led by J. Trombkacludes team bits, at altitudes betweer 100 and 200 km. Magnetic field
members: S. Squyer€ornell U), W. Boyuton(U. of Ari- sources of multiple sources, strength, and geometry were ob-
zong, J. Bruckner(Max Planck Insp; participating scien- served. There is a correlation between the location of the
tists: J. Arnold(U. of Cal. San Diegp L. Evans(CSQO, R.  sources and the ancient cratered terrain of the Martian high-
Reedy (Los Alamos Nat. Lapj P. Gorenstein(Harvard lands. The absence of crustal magnetism near large impact
Smithsoniain, and K. Hurley (UCLA)), working with P.  basins such as Hellas and Argyre implies cessation of inter-

5.10 NEAR
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nal dynamo action during the early Naochian epéehbil-  5.12 ACE
lion years agh Sources with equivalent magnetic moments Magnetic Fields ExperimentACE was successfully

7 2 ; ;
as Ia.rge as 1'::< 10 ,lAm n thef Terra Slrenum rTglgn launched in August 1997. L. Burlaga is a co-investigator on
con_trlbute to the deve opment of an asymmetrical, time-y,q magnetic field experiment. M. Acarbuilt the magne-
variable obstacle to solar wind flow around Mars. tometer at GSFC, and the experiment is managed by N. Ness

J. E. P. Connerney and coworkers also found that Martiagy gartol Research Institute, with the support of members of
crustal magnetization is frequently organized in east-westhis institution.

trending linear features, the longest extending over 2000 km.

Crustal remanent magnetization exgeeds that of terrestri@_lg Lunar Prospector

crust by more than an order of magnitude. Groups of quasi- o
parallel linear features of alternating magnetic polarity were Magnetometer-Electron  Reflectometer  Investigation
found. They are reminiscent of similar magnetic features astMAG-ER). The Lunar Prospector has been circling the

sociated with sea floor spreading and crustal genesis on EarMOon at an altitude of about 30 kilomete(E9 miles, gath-

but with a much larger spatial scale. They may be a relic 0]ering geological data through its array of instruments. For
an era of plate tectonics on Mars July 31, 1999, one last dramatic experiment was planned: a

Radio ScienceE. Flasar, with D, HinsoriStanford Uni- controlled crash into a permanently shadowed crater in the

, equivalent to
of the Marti_an atmgsphere, cqvering Ia.titu.des 29° N 10 64°; 4000 Ib car crash at 1,100mph. The hope is thgt the crash
S. The profiles exhibit undulations that indicate the presencgoyid liberate perhaps 40 Ibs. of water vapor that may be
of vertically propagating waves. This wavelike behavior isdetected by ground- and space-based observatories. A posi-
most pronounced in regions of “interesting” topography, tive spectral detection of water vapor or its photo-dissociated
such as the Tharsis region, suggesting a topographical forgyproduct, OH, would give definite proof of the presence of
ing. Several of the temperature profiles, particularly withinwater ice in the regolith. The Lunar Prospector
30° of the equator, exhibit lapse rates in temperature that afglagnetometer-Electron Reflectome(®tAG-ER) Investiga-
locally superadiabatic approximately 30 km above the surtion was a joint venture between the LEP, the University of
face. This implies that the waves are “breaking” and depos-California at Berkeley and the University of Toulouse.
iting momentum into the atmosphere. Such deposition mapMAG-ER results provided support for the Apollo-era hy-
play an important role in modulating the atmospheric windsPothesis that many crustal regions of magnetization are as-
on Mars, and characterizing the spatial and temporal distriSociated with large impact features.

bution of these momentum transfers can provide important

clues to understanding how its global circulation is main-9.14 SWAS

tained. o o Project Status.After a successful launch in December
Thermal Emission Spectrometer (TEB)vestigations of 1998 SWAS has proceeded to undertake its primary objec-

J. Pearl, W. Maguire and coworkers of the Martian atmo+jve of mapping dense molecular cloud cores in the submil-

sphere continue. They are based on data obtained by thgneter emission lines of kD, O,, 13CO, and atomic carbon,

Mars Global Surveyor/Thermal Emission Spectrometerproviding the first glimpse of important chemical processes

(MGS/TES. The Mapping Mission of the Mars Global Sur- and cooling needed to initiate the early stages of star forma-

veyor began in April 1999, with the spacecraft in a 2AM- tion. The Pl for SWAS is G. MelnicKSmithsonian Astro-

2PM sun synchronous, nearly polar orbit. Excellent datasetphysical Observatody G. Chin is the SWAS Project Scien-

yielding the planetary vertical temperature field to 4 scaldist.

heights, and the vertical distribution of ice and dust have

been obtained from the Thermal Emission Spectrometer e5.15 ISTP Science Planning and Operations Facility

periment. P. Christenseff\rizona State Uniy. is the TES (SPORP)

Principal Investigator and J. Pearl is a co-investigator. In

collaboration with J. Pearl, P, Chrlstensen, B. Conrath, Kproviding simultaneous coordinated scientific measurements
ngrocks, M. Ka_elbgrer, M,' Sm!th, R. ThomPSO” and E'from many of the key areas of Geospace. The ISTP Central
Winter, W. Maguire is working with the extensive databaseData Handling Facilit(CDHF) and the associated Science
(generated since MGS arrival at Mars in September 1887 Planning and Operations FacilisPOR provide the space
nadir- and limb-viewing TES spectra to characterize selecteghysiCS community and the public with a set of integrated
Martian minor gaseous atmospheric constituents. In relateggience products and associated tools to enable the planning
work, he has made preliminary estimates of the uncertaintynd conduct of solar-terrestrial physics. The data activities
in the retrieved temperature profile due to uncertainties in the@nd ground system are under the direction of the ISTP
15 um CO, band absorption coefficients. The temperatureProject Scientist for Data Systems, W. Mish, a member of
profile derived from TES data is the starting point for ana-the LEP. The set of products produced spans real-time and
lyzing atmosphere and surface properties using the observetbn real-time telemetry, orbit, attitude, and science products
IR spectra. called Key ParametertKPs) from a number of spacecraft

Project StatusThe ISTP Program, since 1992, has been
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and ground-based instruments. This data set is continuous. SPACE SCIENCE MISSIONS: DEVELOPMENTAL
updated with the most recent measurements and is availabée1 Cluster-II
to the community both electronically and on CD-ROM in ™
standard formats. Contributing data are four different Magnetic Fields InvestigatiorCluster-Il will be the first
ground-based investigations, instrumentation from multipldlight of 4 spacecraft in a controlled formation for the pur-
geostationary spacecraffLANL and GOES, Geotail, poses of making coordinated magnetospheric particles and
WIND, POLAR, SOHO, IMP 8, FAST, SAMPEX, fields measurements. Central to achieving the scientific ob-
Equator-S, Interball Aurora and Tail, ACE and the soon tojectives of this mission is the magnetic fields investigation
be launched Cluster Il mission. This Key Parameter scientifitead by P.I. A. Balogh(lmperial College. The flight hard-
data base is now well over 100 Ghytes in size. ware for this investigation was designed and fabricated at
The ISTP SPOF provides products and science planningeveral institutions with LEP providing the magnetometer
tools that range from generic Key Parameter display softsensors and analogue electronics. M. Z&ub. Fairfield and
ware, spacecraft ephemeris, field models, long and shod. Slavin are co-investigators and will participate in the data
range science plans, customized trajectory and KP summamnalysis effort. While flying in their baseline tetrahedron, the
plots for individual spacecraft, to a catalog of preliminary magnetic field measurements will be used to calculate the
solar wind events, science coordination and public outreach‘curl” of the field and infer the electric current passing
there products and tools are available electronically througthough their formation. The magnetic field measurements
the CDHF and through the extensive ISTP Web 6itétp://  from the 4 spacecraft can also be used to synthesize a “wave
www-istp.gsfc.nasa.gov telescope” for the detection and characterization of low-
frequency waves. The NASA Project Scientist for Cluster-I1

is LEP scientist, M. Goldstein.
5.16 ISTP Theory

Project StatusGlobal MHD simulations of the terrestrial 6-2 Triana

magnetosphere continue to play the leading role in unifying solar Wind Plasma and Magnetic Field Investigation
the observations of the ISTP spacecraft in a global contex{pjasmag).The Triana Earth imaging mission will include a
The continuing success of the global MHD codes in provid-combined high-time resolution magnetometer and plasma in-
ing a detailed description of the global magnetospheric dystrument to study the solar wind and to provide real-time
namics underlies the great strength of global self consistenfpace weather data. K. Ogilvie is the P.I. of the development
simulations as opposed to more local simulations which atteam and the lead for the electron electrostatic analyzer. A. J.
tempt to put a part of the magnetosphere in a box and havgazarus(MIT) is the lead for the Faraday Cup and M. Aeun
difficulty owing to dynamic boundary conditions in compar- for the magnetometer. A. Szabo is responsible for the ground

ing to data. A major finding of these studies is that althoughyata system. Triana is expected to be launched on a Space
the simulations do not capture the correct micros¢atin-  sputtle mission early in 2001.

MHD) physics, the self-consistency on global scales yields

what, by comparison with data, are realistic global dynamicsg 3 New Millenium Program ST-5/Nanosatellite

Major efforts by the research groups this year have focuseg qnstellation Trailblazer

on the simulation of the magnetosphere at very low solar .

wind densities. A major continuing topic has been the as- Project Status.NASA Headquarters has selected the
similation of spacecraft and ground-based observations intyanosatellite Constellation TrailblazeNCT) to be its fifth
the codes innefionospheric/atmosphejidoundary condi- Space Test Mission, ST-5. NCT will consist of three small,
tions. A major concern is the availability of adequate funds™ 20 kg, satellites which will be launched into geosynchro-

to make full use of these demonstrated capabilities. S. Curti§ous transfer orbit in 2003. They will provide flight valida-
is the Project Scientist. tion for 8 new technologies and 2 science instruments critical

for the future deployment and operation of constellations of
“nanosatellites”(i.e., spacecraft weighing 10 kg for the
5.17 ISTP Ground-based Experiments Sun-Earth Connection and Solar System Exploration Themes
as well as Earth Sciences. Furthermore, NCT will test de-
ployment and operations strategies essential for these future

S?r:?pler:hf f::‘(lj limrlj n tr?g sc\Jllarft?rtrrelzst:larlnc?ati?s up;r)er N “constellation-class” missions. The Solar Terrestrial Probes/
atmosphere OnosphisAve Tor the remote imagers o Magnetotail Constellation mission is intended to be NCT'’s

POLAR. There are however ground-based experiments that . . . o . i
provide valuable information in this low altitude region. Theaprlmary technology infusion recipient. Magnetotail Constel

. . S . - ation will build, deploy and operate: 100 nanosatellites in
experiments consist principally of incoherent and incoheren he Earth’s magnetotail late in the next decade to determine

radars. They have provided complementary data for the PC%he nature and origins of geomagnetic storms and substorms.

L.AR spacecra_ft, as weII_ as perhaps more importantly quan; “glavin is the NCT Project Scientist.
titative polar ionospheric convection patterns to compare
with those of the globgl MHD §|mulat|ons of the magqeto-6.4 Pluto Fast Flyby and EO-1
sphere. All sites remain operational, however some will re-
quire refurbishment owing to extreme climate conditions in  LEISA DevelopmenD. Reuter, D. Jennings and G. Mc-

the near future. S. Curtis is the Project Scientist. Cabe are developing infrared spectral imagers based on the

Project StatusISTP has no spacecraft instrumentation to



NASA'S GSFC LABORATORY FOR EXTRATERRESTRIAL PHYSICS 21

LEISA (Linear Etalon Imaging Spectral Arragoncept. This interpretation of the images to be obtained from IMAGE. T.
development is a collaboration with members of the Engi-Moore has been participating in this effort in collaboration
neering Directorate. LEISA represents a completely newwith B. Giles, J. GreerfCode 630, M.-C. Fok, D. L. Gal-
concept in spectrometer design made possible by largdagher(NASA/MSFO), G. Wilson(MRC, Nashua, Nk and
format detectors and advances in thin-film technology. Origi-J. PereZ Auburn Univ).
nally developed for the Pluto Fast-Flyby Missi@RAFB un- Low Energy Neutral Atom Imager (LENAAs lead coin-
der the Advanced Technology Insertion Program, LEISAvestigator, T. Moore led the completion, calibration, and de-
uses a state-of-the art filtéa linear variable etalon, LVEnN livery of the Low Energy Neutral Atom imageilLENA).
conjunction with a detector array to obtain spectral imagesScience support for LENA included M. Collier, K. Ogilvie,
The major innovation of LEISA is its focal plane that is F. Herrero, J. Keller, and B. Giles. Engineering support in-
formed by placing a LVE in very close proximity to a two- cluded S. GrayCode 660 as resource analyst, J. Lobell as
dimensional detector array. The LVE is a wedged dielectricsystems engineer, J. Johnson as software engineer, P.
film etalon whose transmission wavelength varies along on®ozmarynowski as mechanical designer, and F. Hunsaker as
dimension. In operation, a two-dimensional spatial image isnechanical engineer and fabrication coordinator. The LENA
formed on the array, with varying spectral information in oneteam was also supported by J. LaudadBmde 700 as in-
of the dimensions. The image is formed by an external opticstrument manager, and by a number of code 300, 500 and
Each spatial point is scanned in wavelength across the array00 engineering staff members. LENA was calibrated in
thereby creating a two-dimensional spectral map. Feb. 1999, and delivered to the spacecraft in March 1999. A
The LEISA/Atmospheric CorrectqtAC) is on the New  paper describing LENA and its calibration was accepted in
Millennium Program Earth Orbiter 1EO-1) mission to be June 1999.
launched in December of 1999. The primary purpose of this Magnetospheric Radio Soundinghe Radio Plasma Im-
atmospheric experiment is to correct the high spatial resoluager (RPI) has been integrated into the IMAGE satellite
tion, low spectral resolution Landsat-type multispectral im-which is scheduled for launch on 15 February 2000. The RPI
ages for the spatially and temporally variable effects of thglnstrument Pl: B. Reinisch, U. Mass., Lowels one of a
atmosphere. In addition to these satellite programs LEISAomplement of remote sensing instruments on IMAGES-
was flown in an aircraft in the summers of 1997, 1998 andsion PI: J. L. Burch/Southwest Research Institui. Ben-
1999 as part of the instrument complement in an agriculturason is a member of the RPI team and has patrticipated in the
sensor program. The program was part of a Space Agbreparation of several papers concerning magnetospheric ra-
Agreement with Boeing Commercial Space Company. Thalio sounding, with the RPI team, for a Special Issue of Space
airborne LEISA instrument was also flown in South Africa in Science Reviews dedicated to the IMAGE mission.
March of 1999 as part of the ARREX program.

6.7 MESSENGER

6.5 Mars Surveyor/01 . .
y Project StatusA Discovery proposal for a Mercury or-

Project Status.A re-flight of a Mars remote sensing biter mission called MESSENGER has been selected by
gamma-ray spectrometer will be accomplished during théNASA Headquarters for development. The purpose of this
Mars Surveyor 2001 mission. The spacecraft is planned fomission is to collect global information on the surface, inte-
launch in March 2001 and arrival at Mars in December 2001rior, exosphere and magnetosphere of this least explored of
The principal investigator is W. BoyntaiUniversity of Ari-  the terrestrial planets. The principal investigator is S. So-
zong and the co-investigators at the LEP are J. Trombka, Llomon of the Department of Terrestrial Magnetism of the
Evans(CSQ and R. Star(CUA). The Ge detector is being Carnegie Institution of Washington. The lead institution for
supplied by URSYS in France. A. D. Little is supplying the the spacecraft and mission operations will be the Johns Hop-
passive cooler. The analogue electronics are being designééhs Univ. Applied Physics Laboratory. LEP scientists will
and built at GSFQCode 660. The digital electronics are be responsible for the vector magnetometer and the
being designed and built at the University of Arizona wheregeochemistry package. The LEP co-investigators on the
flight system integration and test will take place. CalibrationMESSENGER team are M. AcanJ. Slavin and J. Trombka.
of the detector system will be a joint responsibility of the MESSENGER will launch in 2004 and go into orbit about
University of Arizona and GSFC. Prototype models haveMercury in 2009 following two earlier fly-by encounters.
been constructed and are under test. The flight systems are
now being constructed. 6.8 GEC

Project Status.The Science and Technology Definition
Team for the Geospace Electrodynamics Connections Mis-
Project Status.T. Moore continued to serve as mission sion (GEQ) is in the final phase of writing the mission defi-

scientist as the Imager for Magnetopause to Aurora Globahition report. The theme of GEC is “To discover the impor-
Exploration (IMAGE) mission progressed through instru- tant temporal and spatial scales for electromagnetic energy
ment deliveries and observatory environmental testing thisoupling and dissipation in the magnetosphere-
year. The IMAGE spacecraft is currently in storage awaitingthermosphere-ionosphe(®TI) system.” The mission con-

a Feb. 2000 launch. An active theory and modeling effortsists of 4 identical spacecraft carrying a full complement of
continues in support of the analysis and quantitative physicgblasma and neutral particle detectors each carrying hundreds

6.6 IMAGE
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of kilogram of propulsion fuel. All four spacecraft will be radiation at wavelengths absorbed by the atmosphere of
initially placed, like pearls-on-a-string, in 200 x 2000 km Earth, including emissions from objects close to the Sun
high inclination parking orbits, but will use their propulsion (e.g., comets, Venus, Mercyrthat are precluded from ob-
capability to dip below 130 km and to change orbital param-servation by large, orbiting telescopes such as the Hubble
eters so that all the important coupling spatial and temporaand EUVE. Sounding rockets also provide an extremely high
scales in the MTI can be resolved. The Project Scientist foguality, low “g-jitter” environment, ideal for a variety of

GEC is J. Grebowsky. microgravity experiments.
Unique features of sounding rockets include their ability
6.9 IMEX to gather data along vertical trajectories, their low vehicle

speedgcompared to satellitesvith long dwell times at apo-

Project Status. The Inner Magnetosphere Explorer gee, their ability to easily support multiple payload clusters
IMEX), a University-Class ExplorgtJNEX), is designed to ' - . .
( ) y plore ) 9 nd tethers, the ability to launch rockets into geophysical

investigate the physical processes that rapidly accelerafé

charged particles in the inner magnetosphere to very hightargets (e.g., thunderstorms, aurora, cusp, equatorial elec-

energies during major geomagnetic storms. Its complemeﬂ[ojet' etc) Whenl Conc::nqns arﬁ optimum, Incljudlrglg r?pe][a}-
of four major experiments based on pre-existing designs intions at remot((ja aur:c dsnes, ;ehrecovery andre ;g totin-
cludes field instruments, a fluxgate magnetometer, 3-[piuments and payloads, and the acceptance of a greater

plasma instrumentation, and high-energy particle detectorghegree of risk which helps maintain the low cost aspect of
Currently, the IMEX team is completing its Phase A, Con-the program. ) )

cept Study, and obtaining a launch endorsement from the In addition to science and technology, sounding rockets
USAF for a Titan-IVb/DSP mission launch in mid 2002. The also provide invaluable tools for education and training.

team is also investigating other launch options. The ProjecPVe’ 350 Ph.D.’s have been awarded to date as part of
Scientist for IMEX is M. Collier. NASA’s sounding rocket program. Missions are selected

each year based on peer-reviewed proposals selected by vari-
. - . ous science discipline offices at NASA Headquarters.

?C.:lC(:)Mg)]e Community Coordinated Modeling Center DROPPS Campaigra new program, DROPP@he Dis-

tribution and Role of Particles in the Polar Summer Mesos-

Project Status.The Community Coordinated Modeling phere involving rockets, radars and lidars was launched in

Center(CCMCQ), a research and development facility aims atJuly, 1999 from Andg, Norway in collaboration with the
research in support of the generation of advanced spadeuropean MIDAS Program. DROPPS consisted of two
weather models. New and improved space research modefigack Brant rocket flights plus an array of Meteorological
will be created by combining models and modules coveringockets by F. Schmidlin of the GSFC/Wallops Flight Facil-
different spatial regions and different physical parametersity. The Black Brant payloads consisted of detectors de-
Models and modules will be developed largely in the sciensigned to measure the mass distribution of submicroscopic
tific community, but also at the CCMC GSFC facility itself particles in both a charged and neutral stéfaylor Univ.
(directed by M. Hesge The ultimate goal of the CCMC is and Univ. of Chicagh sensors to measure 3-D AC and DC
the generation of one or more comprehensive space weathgfectric fields(GSFC and the Univ. of WashingthrGerdien
models, which cover as completely as possible the entirand blunt probegPenn State Uniy.to measure the plasma
range from the solar corona to the Earth’s upper atmospherenvironment, radio propagation experiments to measure ab-
Models that have been developed and successfully applied &plute electron densityTechnical Univ. of Graz, Austria
scientific test problems are to be transitioned to the Rapiénd photometeréUniv. of Stockholm, Swedeérto detect the
Prototyping Centers of NOAA and the Air Force, for opera- presence and thickness of noctilucent cloiN&Cs). The
tional testing. These models will also be made source codgights were also coordinated with ground based lidar and
available to the scientific community, to support the “openradar measurements at AhdGALOMAR Observatory and
model policy,” and for the CCMC effort to remain nonex- the EISCAT Radar Observatory at Trofddorway. Co-Is

clusive. from five U.S. and four European Laboratories and Univer-
sities participated in the study.

7. SOUNDING ROCKETS AND SUBORBITAL DROPPS is a focused, international rocket, radar, and li-

PROGRAMS dar program designed to study the mass distribution of dust

Program StatusA member of the LEP staff R. Pfaff is and aerosol particles in the high-latitude summer meso-
the Project Scientist for NASA’s Sounding Rocket program.sphere, the electrodynamic environment, and their complex
NASA’s Sounding Rocket Program provides a cost effectivefelationship with polar mesospheric summer echges!-
rapid means to carry out unique scientific experiments irfSE9 and NLCs. To meet this objective, the first rocket se-
space, as well as to test new flight instrumentation. Soundinguence was launched into a strong PM@Blar mesospheric
rockets provide the only platforms with which scientists cansummer echpdisplay with a weak NLC also present. The
carry out directin situ measurements of the mesosphere andecond sequence, launched one week later, passed through a
lower ionosphere/thermosphere regi@0-120 km that is  strong NLC with no PMSEs present. This successful pro-
too low to be sampled by satellite-borne probes. Furthergram is expected to evaluate the importance of submicro-
more, they provide quick access to high altitudes where asscopic particles to induce the PMSEs first seen by 50 MHz
tronomy, planetary, and solar observations can be made o&dars about 20 years ago, and provide direct information
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about the role of electric fields in the observed processelectric fields, field-aligned currents, Alfuewaves, plasma
The P.l. is R. Goldberg of the LEP. density and temperature, spacecraft potential, and higher fre-

As a co-investigator, R. Pfaff prepared and flew electricquency plasma waves are essential. When the data gathered
field instrumentation to measure both the DC and wave eledrom the instruments described herein are analyzed in con-
tric field environment within the altitude region of 80-90 km junction with the onboard photometer, energetic particle, and
where these effects were observed to be most prevalemther measurements, our understanding of the spatial and
Since there is very little plasma present at these altitudes, themporal structure inherent to the partially ionized beam in
double probe technique requires additional considerations ispace will be enhanced by a large degree. The launch of the
order to ensure that accurate measurements would be oBPEX payload occurred during January 1999 from Poker
tained there. Flat, Alaska.

Sporadic-E Experiment in Conjunction with the Univer- GEODESIC.The GEODESIC mission is designed to un-
sity of lllinois VHF Backscatter Radatn order to investi-  cover the microphysical processes that govern the interaction
gate the complex electrodynamics and neutral-plasma couetween cool, dense ionospheric plasma and magnetospheric
pling inherent to sporadic-E layers in the Earth’s mid-energy sources, hot tenuous plasma, and plasma waves. The
latitude ionosphere, a series of rocket/radar experiments wep@oject is funded by the Canadian Space Agency and is the
conducted at the Wallops Flight Facility, Wallops Island, initiative of Prof. Dave KnudselJniv. of Calgary. R. Pfaff
VA. R. Pfaff was the P.I. of these rockets and the lead sciis a co-investigator on this payload.
entist for the DC and AC electric field experiments. The Under R. Pfaff's supervision, instrumentation is being
rocket experiments consisted of two pairs of “mother-prepared that will measure the DC and AC vector electric
daughter” payloads with limited apogees so that the payfield using the double-probe technique. In this case, spherical
loads “hovered” in the sporadic-E regiof®5-125 k. sensors with embedded pre-amps will be extended on booms
Each payload pair included vector DC and AC electric fieldin the spin plane. Since the payload spin axis will be oriented
detectors, a highly accurate flux-gate DC magnetometer, aalong the magnetic field direction, the two-dimensional elec-
ionization gauge, and spaced-electric field receivers to medric field measurement will completely parametrize the DC
sure the wavelength and phase velocity of the unstabland AC electric fields perpendicular to the magnetic field
plasma waves. One payload also included an ion mass speeector, B, expected to be encountered during this experi-
trometer from the University of Texas at Dallas. Other rock-ment. A third axis, along the payload axis, will measure the
ets were included to simultaneously carry aloft TMA trails to parallel component. Instrumentation will also be included to
measure the neutral wind and its velocity shear, believedarry out multiple baseline measurements of wavelength and
responsible for the sporadic-E layer formation. In addition tophase velocity, as well as onboard FFT’s of plasma waves up
the rocket experiments, continuous VHF backscatter radao several MHz. The launch is scheduled for January 2000
operations were carried out from a site at Ft. Macon, NCfrom Poker Flat, AK.
where 3-m backscatter echoes were observed associated withElectrodynamics Research From a Remotely Piloted Air-
sporadic-E and other types of low-altitude ionospheric lay-craft. LEP Investigators R. Goldberg, J. Houser, W. Farrell,
ers. On 4 July 1999, one of the instrumented rockets wadl. Desch and S. Cummer, along with scientists from Penn
launched alongwith one TMA rocket, the former attaining anState and NASA/MSFC, are planning to investigate transient
apogee of 119 km. The payloads successfully pierced an irend steady-state electrical currents above thunderstorms us-
tense sporadic-E layer observed by the radar, digisonde, andg instrumentation on board unmanned aeronautical ve-
the in situ density and ion mass spectrometer probes. In sitbicles (UAVs). The General Atomic UAV, ALTUS, has a
DC electric fields revealed very low 1-2 mV/m) ambi-  potential altitude capability in excess of 60,000 feet and can
ent fields with small amplitude structures of the same ordereasily carry electric and magnetic sensors for determining the
However, no strong wave modé€s0 mV/m) and large wind  nature of the upward-directed currents during both quiescent
shears were detected. and active periods directly over an active thundercell. By

APEX.The LEP provided a suite of vector DC and wave teaming with a small company, IDEA, an electromagnetic
electric field, DC magnetic field, and thermal plasma instrupayload is in development to make such measurements and
ments that were flown on a sounding rocket experiment irwill be flown on test flights for the first time during the
the high-latitude ionosphere, as part of the Active Plasm&pring 2000 from El Mirage, CA, primarily to gain insight
Experiment(APEX). R. Pfaff leads GSFC’s science contri- on the EMI environment aboard the aircraft.
butions. NASA/Wallops Flight Facility was primarily build- It is planned to follow the above test flights with flights in
ing the payloads. an electromagnetically active environment by summer 2000,

APEX is a joint project involving the Johns Hopkins Uni- particularly to measure electrodynamic quantities in the vi-
versity Applied Physics Laboratory and the Russian Acad<inity of thunderstorms. The recent high interest in upward
emy of Sciences Institute for the Dynamics of Geospheredightning caused by the discovery of red sprites and blue jets
The science objectives include understanding the electrodysrovides the first direct evidence that there is a strong AC
namic interactions between a burst of neutral gas undergoingpmponent of current contributed to the global electric cir-
ionization that is released near 400 km altitude and about tuit by such processes. The UAV provides an ideal platform
km away from the instrumented payload, as well as paramfrom which to measure the necessary parameters to deter-
etrizing the geophysical plasma conditions in which the re-mine the importance of this energy input to the circuit by
lease is conducted. To this end, measurements of DC and AReasuring the required parameters in an in situ environment.
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8. FUTURE MISSIONS to study the underlying physics of the magnetosphere on

Radiation and Technology Demonstration (RTD) Project.micro and mesoscales using a complete set of plasma mea-
S. Curtis is the Project Scientist for RTD Project, a jointsurementSAC and DC electric and magnetic fields, com-
effort between the Glenn, Johnson, and Goddard NASAlete high time resolution ion and electron distribution func-
Field Centers. This spacecraft that is funded by the NASAons), during a voyage through the magnetosphere
HEDS (Human Exploration and Development of Spacdé-  consisting of four distinct orbital phases from latitudes to
fice has several principal objectives: the demonstration ohigh latitudes and from near earth to deep space. Fundamen-
advanced large scal@d0 kW) ion propulsion engines, the tal physics questions, of relevance to all astrophysical plas-
characterization of the local spacecraft environment modifimas, involving reconnection, particle acceleration, and turbu-
cations owing to ion propulsion, the characterization of thedence will be addressed. The 5 spacecraft mission will
cosmic ray environment, and the mapping of the radiatiormaintain a tetrahedron formed by 4 spacecraft in the regions
belts using 8 nanospacecraft to be launched from the ioff scientific interest. The fifth spacecraft will be centered in
propelled mothership. Goddard will focus on the radiationthe tetrahedron. This geometry will allow not only the
belt mapping by the nanospacecraft that has the potential fafnique space time separation of directly measured quantities,
revolutionizing our understanding of the radiation belt struc-but also derived quantities such as the current density from
ture and dynamics with direct applications to both mannedhe curl of the magnetic field. The spacecraft separations will
spaceflight and commercial satellites. The mission has had @'y from less than 10 to more than 10,000 km. using active
preliminary design study this year. Next year the Technologypropulsion. The spacecraft will be highly autonomous, inter-
and Science Definition Team, which is chaired by the ProjecEommunicating, and self-ranging. The Science Technology
Scientist, will begin to refine the science and technology obDefinition Team has completed its work and will soon issue
jectives. Launch is projected for 2004. its report. Preliminary designs of the spacecraft have been

REE.JPL's Remote Exploration and ExperimeiREE) made and a Request for Information has gotten 7 responses
program is aimed at examining the ramifications of on-boardrom potential industrial partners, one of whom will be se-
super computing capabilities for the next generation ofected competitively to build the spacecraft. The MMS mis-
spacecraft2002+). S. Curtis has been a Principal Investiga- Sion is the second multi-platform Solar Terrestrial Probe
tor in REE for the past two years and during that time hadVlission. Launch is projected for 2006. A very strong inter-
examined the computational requirements for both in sitiaction between MMS results, the future development of glo-
and remote sensing instruments for future space physics mi§al magnetospheric simulation codes and space weather pre-
sions. In particular, on-board moment calculations fordictability is expected.
plasma detectors and on-board radio image synthesis have
been shown to reduce data volumes by more than three 08.2 Frontier Mission
ders of magnitude and to hence open the door for much , )
greater autonomy. Algorithms to perform these functions are Interstellar Probe.NASA's Interstellar probe will be the

presently being tested on the REE testbed facility at JPL. ifirst spacecraft designed to explore the nearby interstellar

the next several years, the role of supercomputing in enhangjedlum and its interaction with our solar system. Its unique

ing autonomy through intelligent spacecraft subsystems wil'@€ctory from Earth to- 200 AU in~ 15 years will enable
be examined. the first comprehensive measurements of plasma, neutral at-

oms, magnetic fields, dust, energetic particles, cosmic rays

and infrared emission from the outer solar system, through

8.1 Solar Terrestrial Probes the boundaries of the heliosphere and on into the interstellar
medium. The Integrated Science and Technology Definition

The Magnetotail Constellation Draco Missiofi. Moore  Team has established the primary science objectives of this
a.ssumed the r0|e Of miSSion Study SCientiSt fOI‘ thIS eXCiting'nission a|ong W|th the resu“‘ing mission requirements and
new mission being planned as part of the Sun Earth Connegninimum scientific instrumentation. The principal scientific
tions Solar Terrestrial Probes program. A science and techspjectives of this mission are: 1. Explore the nature of the
nology definition team was selected and appointed in coopmterstellar medium and its implications for the origin and
eration with NASA HQ in March 1999. It will hold five eyolution of matter in our Galaxy and the Universe. 2. Ex-
meetings during FY99, and will issue a report on the statugjore the influence of the interstellar medium on the solar
of this mission by the end of FY99, under the leadership ofsystem, its dynamics, and its evolution. 3. Explore the impact

chair H. SpencéBoston University. There has been strong of the solar system on the interstellar medium as an example
interaction with the SEC Roadmap process, with the refinepf the interaction of a stellar system with its environment. 4.
ment of the original “Magnetospheric Constellation” mis- Explore the outer solar system in search of clues to its origin,

sion into a specific Magnetotail “Dynamics, Reconnectionand to the nature of other planetary systems. A. Szabo is a
And Configuration Observatories(DRACO) mission. A member of the ISTDT.

follow-on mission was also defined for the future roadmap,

the Inner Magnetosphere Constellation, whose main objecg

. . .3 MIDEX

tive would be the study of magnetospheric storm develop-

ment and its relationship to auroral substorm activity. Auroral Lites MissionThe Auroral Lites(AL) mission, a
Magnetospheric Multiscale (MMS) MissioB. Curtis is  joint venture with Sweden government, is planned to be a 5

the Project Scientist for the MMS mission whose objective isspacecraft mission in an elliptical polar orbit. The spacecraft
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will uniquely separate space and time not only for directa global survey of its chemical composition. MEX will also
measurements such as magnetic and electric fields, but alpoovide the best survey of the ion composition and electric
current densities through a unique configuration that caffield structure of the Mercury magnetosphere in the near fu-
generate 4 effective tetrahedra using 5 spacecraft. The tetratre and also yield detailed gravity moments of the planet. It
hedra size will be controlled by on-board propulsion and willhas an enormous data volume of nearly 100 Gbits and uses
be capable of typical separations ranging from 500 meters tiis highly eccentric orbit to deliver that data volume to Earth.
greater than 100 km. Complete measurements of fields anbBaken together, MEX would provide an excellent foundation
particles will be made together with multispectral stereo aufor future orbiters by completing the initial survey of Mer-
roral imaging of the aurora. There is also a global, internacury and allowing the future orbiters to do what they do best:
tional ground-based segment that will provide context meaeonduct detailed surveys. If MEX were launched in 2006, its
surements for the microscale AL in situ measurementsmission would be complete in 2007. The Principal Investi-
Theory tools on all scales, ranging from simulated auroragator is S. Curtis.

using global MHD codes to kinetic simulations of microscale

processes will be included. AL will reveal the dynamical 9. INSTRUMENT DEVELOPMENT

rocesses underlying the filamentary plasmas of the terres- . .
P . ying ! yp HIPWAC. F. Schmuelling(NRC) has taken the lead in

trial auroral zone and, by extension, an entire class of astro- . .
physical plasmas that are not directly measurable. The Pri _ptomechan!cal design of the_n_ew Heterodyne Instrument for
cipal Investigator is S. Curtis. lanetary Wlnd And Compo§|t|0(1-|IF_>WAC), an effort led
by T. Kostiuk and D. Buhl, with T. Livengood, K. Fast, and
T. Hewagama, and J. Goldste{hallenger Cty. Design
support and CAD drafting has been provided by P.
VESPERThe VEnus Sounder for Planetary ExploRation Rozmarynowski and F. Hunsaker. The final design is near
(VESPER is a proposed Discovery Mission. The mission completion with fabrication to begin in Fall 1999. HIPWAC
was selected as one of five finalists by NASA HQ to proceeds an advanced infrared heterodyne spectrom@®S) for
to a Concept Study. the measurement of molecular lineshapes and the wind-
The VESPER mission will provide the first comprehen-driven Doppler shifts of molecular lines formed in low-
sive and synoptic study of Venus with sufficient sensitivity pressure, high altitude, regions of planetary atmospheres.
and duration to test major models of the dynamics, chemistryrhe instrument will be transportable to the Cassegrain or
and circulation throughout the Venus atmosphere. The VESNasmyth focus of large telescopes, providing improved sen-
PER Orbiter employs a state-of-the-art heterodyne spectronsitivity and operational capability over the current Coude
eter originally developed for astrophysical study of interstel-focus IRHS, permanently mounted at the NASA IRTF. Im-
lar clouds. The primary instrument is a heterodyne receiverproved performance will derive from implementation of new
the Submillimeter Limb SoundefSLS), whose extremely technologies and from the characteristics of la(g§elOm
high gas constituent sensitivity and high spectral resolutiorielescopes accessible to a transportable instruriBrfactor
allows the detection of trace gases while simultaneouslpf ~ 10 improvement in sensitivity on small targets com-
measuring wind velocities above the clouds. The Deep Atpared to the present instrument on a 3m telesc@eim-
mosphere Spectral CamgiRASC) will make measurements proved spatial discrimination(3) reduced velocity broaden-
below the clouds to the surface with spectral and spatial iming due to the range of Doppler shifts from planetary rotation
ages of upwelling thermal emission taken from 1.0 to 2.5across the diffraction-limited FOV, increasing effective spec-
um. A two-color Near UltraViolet ImagefNUVI) will track  tral resolution; (4) improved system quantum efficiency
the dynamics of the upper cloud deck. X-band radio occulcompared to current componeni{&) improved frequency
tation using the spacecraft transponder will attain high spadetermination due to all factors but especially improved tele-
tial resolution temperature profiles covering a wide range oscope tracking at the Cassegrain or Nasmyth foci vs. Coude
Venus latitudes and local hours. focus; (6) flexible access to available telescopes; andac-
VESPER Principal Investigator is G. Chin of GSFC. Thecess to different latitudes from which to observe. A proto-
science team is comprised of investigators from the Univertype laser cavity for the CQlaser local oscillator has been
sity of Arizona, Cal Tech, University of Cologne, Cornell constructed using advanced composite materials by K. Segal
University, GSFC, JPL, University of Massachusetts, Spacand P. Blake(Code 548.2 The instrument optical bench
Science Institute, SUNY Stony Brook, University of Vir- will be constructed similarly, in order to conserve weight and
ginia, and Washington University. Lockheed Martin Astro- to achieve superior stiffness and resistance to thermal expan-
nautics in Denver, CO will develop the spacecraft and persion or contraction on a scale of order 0.001% under variable
form mission operations. GSFC will manage the project andhermal loads. A flight-spare acousto-optic spectrometer
develop the VESPER instrument suite. from the SWAS satellite is on loan from the University of
Mercury Express MissionThe Mercury Expres$MEX) Koln to experiment with improved back-end electronics to
mission is a faster, better, cheaper precursor mission to Mefully modernize the heterodyne spectroscopy system.
cury. The mission takes only slightly more than one year to Planetary BolometersJ. Brasunas, in concert with B.
execute and reaches Mercury 115 days after launch. Thieakew and R. Fettig, has continued the development of mod-
three platform mission would determine the internal field oferately cooled infrared bolometers based on thin-films of
Mercury far better than any single orbiter. It would image thehigh temperature superconductor mateffdBCO). Recent
entire surface of Mercury for the first time while performing efforts have succeeded in reducing the sapphire membrane

8.4 Discovery
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material to 8um thickness, to improve speed of response.cantly reduced in weight from those previously floviag.
Also successful was the attempt to replaceud diameter  Apollo, Mars Observer, and NEAR
gold-wire leads with 1Qum diameter gold wire, utilizing a Large Area X-Ray Detectordzrom the calculations of
welding technique instead of the conventional gold-wiresolar induced x-ray emission from planetary surfaces, detec-
bonding. The thinner wire enables better thermal isolationfor areas of 25 cfor greater are needed for K-shell x-ray
improving sensitivity. In addition to the bolometer work, J. planetary remote sensing systems in order to obtain the best
Brasunas is pursuing development of very broad-taitca-  Spatial resolution. Proportional counters have been devel-
violet to millimeter wavelengths beamsplitters based on oped and flown on space flight missions successfully, but the
free-standing, grown films of CVIchemical vapor deposi- energy resolution is very poor and cannot resolve, for ex-
tion) diamond. By combining the bolometer and the CVD ample, the Mg, Al, and Si lines. The room temperature solid
beasmplitter, the goal is to produce for future planetary angtate detectors themselves are lighter than the equivalent pro-
earth missions a smaller, lighter version of the CIRS specportional counter systems. They are being developed by J.
trometer on the Cassini mission. Trombka and S. Floyd in collaboration with C. Stal@ode
Efforts to micro-machine sapphire are making progress®53. R. Starr(CUA) and C. Tull(Photo-Imaging Co.
With excellent thermal properties, micro-machined sapphire Lander Gamma-Ray SpectrometBtemental analysis by
can be used to fabricate highly sensitive YBCO based bog@mma-ray spectroscopy involves the detection of character-
lometer arrays. These would be ideal for long term, moderiStic gamma-rays emitted by the decay of naturally radioac-

ately cooled90 Kelvin) planetary instruments. B. Lakew, J. Ve €lements, by means of cosmic ray primary and second-

Brasunas, |. Aslam, M. Cushmahoth with Raytheon/ITSS ary excitation, or by the use of a machine or radioactive
and R Féttig are ir;volved in this effort neutron excitation source. This project will develop a

Instrument for Line Integral Measurements of Electron 93Mma-ray spectrometer and neutron detection system that

Distributions. A team led by M. Collier and including J. weighs less than 2 kg for use on FOVEr missions.
Keller, F. Herrero, P. Rozmarynowski and D. Chornay as Solar Probe Plasma Instrumeri. Sittler leads a GSFC

well as participants outside Goddard is building a Iaborator)?ffort on Solar Probe to develop a capability of nadir view-

prototype of an electron spectrometer which obtains the ele Ing of the solar wind at distances as_close as 4 solar radi
) T . rom the Sun. The problem of energy input to the spacecraft
tron velocity distribution in space plasmas using a two-

. : . . from an electrostatic mirror system was largely solved with a
dimensional tomographic method. The advantages of this de-: . . . . .
. . : miniature heat shield. The properties of high voltages at high
sign over previous techniques used to measure electron )
T . Lo : .~ temperatures were studied and found to pose no problems.
distributions includei(1) simplicity — the instrument elimi-

. ) . Presently a prototype of the mirror system with an ion spec-
nates hardware complexity instead relying on well- y tf) . )ép.l Y P
tablished but computationally intensive mathematica}rometer 'S being built. .
es ' Development of IR-VIS-UV Optical Components Pro-

techniques to deconvolve the da(@) passivity — there are duced by Micro- and Nano-Technolody. Fettig, in collabo-

no stepping voltages or look angles. The instrument vaUirer%tion with people from Code 693, 685, 583DL), 551 and

all angles and all energies all the tim@) inexpensive and the University of Maryland at Coll,ege I,Dark, wo}ked on sev-
robust — the simple design makes this instrument the idegl,, projects applying micro- and nano-structures to as-
candidate for multi-spacecraft missions where many COpieﬁonomy relevant subjects:

of a single instrument will be required4) versatility — the Gold Black Deposition Facility And High Temperature
deconvolution technique employed may be tailored to fit theSuperconducting Bolometers. For the deposition of gold

end: simple methods for browse or KP data and much morgack  a fractal conglomeration of nano-particles, a facility is
sophisticated methods for specific event data. maintained and further developed by R. Fettig in collabora-
Planetary X-Ray/Gamma-Ray Remote SensRemote o with J. Brasunas, B. Lakew and M. Cushmann. Gold
sensing gamma-ray spectrometers aboard either orbital @jjzck can be used as an absorber of low heat capacity for
flyby spacecraft can be used to measure line emissions in thggiation from visible wavelength all the way through the
energy region~ 100 keV to~ 10 MeV. These elemental nfrared, into the submillimeter range. It is applied on HTS
CharaCteriStiC eXCitations can be attributed to a number %(ﬂometers_ The same team has also performed work to im-
processes such as natural radioactivity, and cosmic ray prprove the electrical contacts to high temperature supercon-
mary and secondary induced activity. Determination of thejucting bolometers by means of focused ion beam milling
composition of O, Si, Fe, Mg, Ti, H, Ca, K, Th, and U can be and ion induced metal organic chemical vapor deposition.
expected. Global elemental composition maps can be ob- Microshutters. R. Fettig, in collaboration with H. Mose-
tained using such spectrometer systems. This is a PIDDRy, A. Kutyrev, M. Jhabvala, J. OrloffUMCP) and K.
funded program. The P.l. is J. Trombka. Edinger (UMCP), developed arrays of shutters for spatially
A number of factors have to be considered in the develresolved spectroscopy applications. Shutters of 100 mi-
opment X-ray and gamma-ray remote sensing spectromete¢gometer opening are developed which can be arranged to
for use on future planetary exploration missions. These facform large (> 1kx1k) arrays where the single shutters can be
tors can be derived from the constraints imposed by the reindividually addressed. Rapid prototyping is done by focused
quirements of such programs as Discovery. This progranion beam milling and testing with electron-microscope com-
requires low cost and short times between program initiatiorpatible methods.
and spacecraft launch. The flight instruments must be signifi- Nanohole Filters. R. Fettig, in collaboration with J. Orloff
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and K. EdingefUMCP), developed UV-transmissive filters ~ The results of this research are expected to include the
with a sharp cutoff for visible light. Densely packed arrays ofnon-invasive estimation and image maps of the Flag in ab-
holes of the size of the cutoff wavelength are produced apsorption bands corresponding to residual non-polar stain lev-
plying nano-technology methods in thin foils. Such filters els (over entire surfage moisture content over entire surface
will allow the use of large CCD arrays for UV applications. (2.09 um water bany, state of oxidation, the characteriza-
Mars Lander CameraThe NASA Mars Instrument De-  tion of dyes used from spectral differences. These data will
velopment ProgrartMIDP) has approved a brassboard dem-provide an archival data set for placing the current state of
onstration lander camera for Mars surface composition{ne flag into an historical context. Even if we don't com-
mineralogy studies. The P.I. is D. Glenar. AIm8or  pjetely understand the data now “We” may do this again in

acousto-optic imaging spectrometas now in its second 100 years. These data may provide a baseline for the char-
year of development. The camera is electronically programz iarization of the state of this artifact.

mable and will provide high spatial and spectral resolution For public outreach, the use of space exploration technol-

'maging W't.h'.n |t_s 0.50 t_o 2.3um tur_nng range._Th|s de_"?'_' ogy as part of the restoration effort has successfully made the
opment activity is a logical extension of previous aCt'V't'eSconnection between American History and Space Science.

under the PIDDP and SBIR awards and is on a timeline to b?\s part of NASA's effort to bring the thrill and excitement

pro_posed for conS|derat_|on n th.e Mars 2005 Lander OPPOT¢ Space Science to the public, we participated in a NASM
tunity, or future Mars Micromissions.

AOTF Light SourceAn AOTF light source has been de- Family Science Night presentation on the 2005 Mars Mis-

signed and breadboarded by Dave Glenar and lab team g'gon, which may be using the same AQTF camera technol-

part of the Champollion Infrared Comet Lander Experimentogy' L , o
(CIRCLE), in collaboration with R.Yelle(P.I., Boston U) Duplicating Eratosthenes’s Measuremelt.Romani vis-

and JPL. CIRCLE was a payload instrument in the recentlyited several schools and attended a teachers’ workshop in

cancelled New Millenium ST-4 mission to Comet Temple |. Massachusetts as a wrap up to a project to duplicate Era-
However, this breadboard will be being completed with thetosthenes’s measurement of the circumference of the Earth

balance of FY’99 funds and delivered to JPL for demonstrathat was funded by an IDEAS grant. The project was also the
tion of the overall instrument operation. subject of a presentation at the National Science Teachers
Electric Field Experiment GroupThe LEP electric field Conference. He worked with teachers and their students at

experimental group, led by R. Pfaff, designs and builds elecGlenarden Woods Elementary School in Glenarden, Mary-
tric field double probes for flights on sounding rockets andland. The students studied ancient China in a yearlong the-
satellites in the Earth’s ionosphere. Onboard processing elegatic unit that involved language arts, social studies, and art.
tronics have been developed to gather burst memory data dio this program a week-long unit on rockets, in honor of the
significant flight events and onboard FFT processing that exchinese discovery of gunpowder, was added. The students
tend the measured frequency regime of electric field wavekearned about the numerous “firsts” in rocketry that the an-
to several MHz. cient Chinese accomplishe@multiple rocket launchers,
Dust Detection via Contact ElectrificatiohEP personnel multi-stage rockets, efcand worked on several hands-on
W. Farrell, J. Houser, S. Cummer and M. Desch are develrocket projects that cumulated with students building and
oping a sensitive charged dust detector that will be capabliunching their own model rockets. He also did a presenta-
of measuring charge levels of a few 100 electrons per grairtion at career day Martin Luther King Middle School in
The system is more sensitive than electrometers. This instriBeltsville, Maryland.
ment was recently proposed for an upcoming Mars mission. “From Stargazers to Starships’An extensive course at
the high-school level(also non-calculus undergradugte

10. EDUCATIONAL OUTREACH AND titted “From Stargazers to Starships,” has been written by
TECHNOLOGY TRANSFER D. Stern and is on the web at http://www-spof.gsfc.nasa.gov/

The Spectrum of the Star Spangled BanrerHillman stargaze/Sintro.htm. It covefat about equal lengjtelemen-

and coworkers have used their near-lR AOTF Camera t§27Y astronomy, Newtonian mechanics and spaceflight, in

explore the near-IR reflection spectrum of the Star Spangle@Pout 70 web files with many illustrations; a new 7-unit sec-
Banner Flag while it hung on the wall at the National Mu- fion on the Sun has been recently added and is being ex-

seum of American History. This activity is one phase of thePanded. The course follows a historical threads and incorpo-
3-year Preservation Program for this historical artifact. They'@t€s many space-related applications.

generated a mosaic of 72 image_cumzs images deep in This material is Currently tried out in Wilde Lake ngh
wavelength of the entire surface of the flag at a spatial reso-School, Columbia Md(by Glenn Bock and at Lower Cape
lution of approximately 0.2 inches/pixel. They are currentlymay HS(by Jerry Roth. Its ideas are described in “Using
using false color techniques and band-depth maps to visua$pace to teach Physics” in The Physics Teacher, February
ize the various states of the Flag, pre-restoration. The Tearh999. In addition to the above it includes a 12-section math
consisted of J. Hillman and D. Glenar, N. J. Chanoii@e-  course, guidance to the teacher, 35 lesson plamsre in
partment of Astronomy, New Mexico State Univergjtyy.  preparatiof, a cross-linked glossary, timelines, problems
E. Blass(Department of Physics, University of Tennegsee (solutions sent by mail to requesting teacheassQ&A sec-

and J. GoldsteiriChallenger Center for Space Science Edu-tion and more. Hits are currently around 130,000/month and
cation). a Spanish translation by J. Mendez in Spain is underway; the
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sections on astronomy and Newtonian mechanics have afivans and Solomon supervised the preparation of two lesson
been translated and are on the web. plans designed for middle school teachers for posting on the
National Institute of Justice/NASA GSFC Prograti. WWW. The lesson plans, developed by a previous year’'s
memo of understanding has been signed between the Ndeacher Intern Martha West, use NEAR Mission science to
tional Institute of Justice and NASA to develop instrumentsteach about meteorites and asteroids. The lesson plans were
and communication networks that have application in botlplaced on the NEAR-XGRS web site( http://
NASA'’s space program and in NIJ programs with state andeptpm.gsfc.nasa.gov/near.hjrahd are linked to the NEAR
local forensic laboratories. These systems would be commission website at the Applied Physics Laboratory.
nected to central crime laboratories so forensic experts can In May, L. Evans and P. Solomon led a class of middle
view crime scenes remotely and help direct the investigatiorschool teachers through the lesson plan on meteorites, using
at these sites in real time. The approach taken in this proelay models in a demonstration using basic math and statis-
gram will be based on the remote sensing emsitu systems  tical prediction methods to determine asteroid composition.
developed by NASA for planetary space exploration. FieldThe teachers were participants in GSFC’s 1999 Education
testing these systems can contribute significantly to the veriShowcase.
fication and development of such exploration methods for Mrs. Linda Newsome, a visiting middle school teacher, is
future planetary missions. The first year of the project willassisting in developing a teaching activity for advanced high
involve the use of a number of already developed prototypachool students based on a recent successful collaboration
detector systems including both hardware and software tbetween R. Lepping and two students in a high school in
demonstrate the principals of this approach. The feasibilityTennessee who were interested in the solar wind and the
demonstration will concentrate on the detection of gunpow-application of mathematics to it. R. Lepping “walked” the
der residue at crime scenes. The P.l. is J. Trombka. Alsstudents through understanding some aspects of the solar
involved are S. Floyd and T. McClanahan. wind’s interaction with the magnetosphere via the use of the
NEAR Mission Outreach Prograngince the launch of Akasofu e parameter and its comparison with the geomag-
the NEAR mission in February 1996, the XGRS staff hasnetic index Dst. Files of the needed WIND solar wind data
been involved in many Education and Public Outreach acand Dst were provided to the students electronically. They
tivities. J. Trombka and coworkers have made presentationsrote an analysis and plot program in C and displayed the
to numerous teacher and student groups that have been rasults on the Web, all along being advised by R. Lepping
Goddard attending various conferences and workshops&nd a high school counselor. They did an excellent job in
These have included the annual Lunar Sample/Meteoritgeneral, which included writing a report and preparing a
Education Conference, the MathCounts Workshop, angboster for a contest. Mrs. Newsome is using the resulting
NEWMAST (NASA Education Workshop for Mathematics, materials, including the various correspondences, to render it
Science and Technology Teachepogram. A number of applicable for many students as automatically as possible for
students from Madeira HS, E. Roosevelt HS, Hebrew Acadthe purpose of leveraging the benefits of the collaboration.
emy of Greater Washington and Jewish Day school have Visiting TeachersL. Evans and P. Solomon participated
been introduced to planetary science and have assisted in théth teacher Sarah Brown in the Students United with NASA
development of XRGS data reduction package. L. Evanshecoming Exited about Math and Scien(@UNBEAMS)
Pam Solomon, Pamela Clark and Sister Mary Ellen Murphyprogram. They served as mentors over the summer, and pre-
have played a major role in these outreach activities. sented the basics of NEAR-XGRS science to her middle
Outreach to Schooldn May, Pamela Clark participated school class when it spent a week at GSFC in February. In
in the VITS (Videoconferencing Interaction for Teaching addition to talking with students about asteroids and the
Science program sponsored by the Educational Outreach ofNEAR mission, they assisted with a hands-on activity on
fice at Goddard. This was the first videoconference in thismpact cratering, and were interviewed by individual mem-
pilot interactive outreach program for high school studentsbers of the class about their professional backgrounds and
Clark and two other women scientists representing otheexperiences.
parts of Goddard participated in an hour long question and L. Evans and P. Solomon also served as co-mentors to
answer session on the nature and manner in which NASAVillie Taylor, a Prince Georges County high school teacher
scientists do their work. The program received rave reviewgarticipating in the GSFC Education Office summer intern
from student, faculty, administrators, and the local media. program. Mr. Taylor is currently working on a web site that
N. Fox and A. Szabo participated in the “Live From The will allow teachers and students to access NEAR science
Sun” program, a live presentation of Sun-Earth connectiordata in close to real time during the 2000 encounter of the
research at Goddard broadcasted on public TV channels. StBHEAR spacecraft with the asteroid Eros.
dents watching in their classrooms the description of various In August, P. Clark, Sister Mary Ellen Murphy, P. So-
research results could ask questions from the participatinpmon, and L. Evans put together and taught a program on
scientists on the air. Phone lines were also kept open twthe NEAR mission for the Educational Outreach office sum-
hours after the presentation. Based on the highly positivener public school teachers program. The program included
feedback from students and teachers, a follow-on program isresentation of background material on the NEAR mission,
planned. and the role of meteorites in providing ground truth for as-
Development of Lesson Plan&orking with two Madeira  teroids, as well as teacher participation in a laboratory in-
High School students, Merritt Johnson and Lisa deGorteryolving characterizing meteorite analogues using readily
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available material. Contextual and teaching tool materialshat the Lab has been involved in. Plans are to proceed to the
were made available to teachers. interactive stage.

Visiting StudentsP. Clark and Sister Mary Ellen Murphy For six weeks in July-August 1999 a middle school
worked with two high school students, Merritt Johnson andteacher(Mrs. Linda Newsomg and a recent high school
Lisa deGorter, to cross-calibrate and characterize the sol@raduate(Ms. Katie McClernah were assisting R. Lepping
monitors on the NEAR mission using the GOES solar spacein the further development of parts of the Laboratories
craft data by comparing GOES and NEAR solar monitoreducation/outreach website with emphasis on making the site
output during periods of enhanced solar activity. more appealing to middle and high school students. This was

Gregory Bilyk of T.C. Williams High School in Alexan- done by the addition of various puzzles to “hook” the stu-
dria, Virginia worked in the heterodyne laboratory during thedents into understanding the Lab’s research. The puzzles in-
summer, with the guidance of T. Kostiuk, T. Livengood, T. clude the use of scientific glossary terms and scientific pic-
Hewagama, and F. Schmuellif®lRC). Greg reduced and tures and sketches.
analyzed measurements of infrared star IRC10216 to deter-
mine the point spread functiop and true fpcus of the 'RTFPUBLICATIONS
and IRHS system. Resu_lts will t_>e used_ in the analysis Ofb\cuﬁa, M. H., J. E. P. Connerney, N. F. Ness, R. P. Lin, D.
!oresent data and |n'the final detalleq design of thg HIPWAC Mitchell, C. W. Carlson, J. McFadden, K. A. Anderson,
instrument. Greg, with Andrew Rankin, competed in the past

year in the Northern Virginia Regional Science Fair, receiv-  cjqytier, Global distribution of crustal magnetization dis-

ing first place in the Earth and Space Science Division on a .,y ered by the Mars Global Surveyor MAG/ER experi-
project exploring strategies for the detection of extrasolar ment, Science, 284790-793, 1999.

planets, with guidance from T. Livengood and T. Kostiuk. pjlen. 3. E.. Jr.. R. N. Nelson. and B. C. Harris. Sr.. An

The National Space Club also hono_red them for their award. apparatus for measuring thermodynamic properties at low
Ms. Katie McClernan, a recent high school graduate, as- temperaturesRev. Sci. Instrumaccepted, 1999.

sisted in the identification of directional discontinuities in the Ashour-Abdalla, M. et al. (R. P. Lepping is one of 13 coau-

solar wind as observed by both the WIND and IMP 8 space-  thorg, Determination of particle sources for a Geotail dis-

craft. She then assisted in developing an IDL program that yipytion function observed on May 23, 1995, in

uses 40 input quantities for each discontinuity, including tim-  Gepspace Mass and Energy Flow: Results from the Inter-

ing, positional, and spacecraft information, to process the npational Solar-Terrestrial Physics Prograneds. J. L.
data in order to estimate the degree of curvature of the dis- Horwitz, D. L. Gallagher, and W. K. PetersoAGU

continuity surfaces. The program was successfully tested us- \jponograph 104297, 1998.

ing reasonable simulated data so far. Baker, D. N., S. G. Kanekal, A. J. Klimas, D. Vassiliadis,
Educational Web Sites:. Espenak is the webmaster of  ang T. I. Pulkkinen, Collective phenomena in the inner

the NASA Eclipse Home Page at http:/sunearth.gsfc. magnetospherd?hys. Plasmasaccepted, 1999.

nasa.gov/eclipse/eclipse.html. During August 1999, this welaker, D. N., T. I. Pulkkinen, J. Buchner, and A. J. Klimas,

site received up to 3,624,546 hits in one week due to Substorms: A g|0ba| magnetospheric instab”my,Geo_
the tremendous interested generated by the total solar phys. Res.in press, 1999.

eclipse of August 11. In 1997, Espenak authored NASA RR3aker, D. N., T. I. Pulkkinen Z. Li, S. G. Kanekal, K. W.
1398 titled “Total Solar ECIipse of AUgUSt 11, 1999.” Ogi|vie, R. P. Lepping, J. B. B|ake' L. B. Ca”is, G. Ros-
By June 1999, all 4,000 hard copies of this publication toker, H. J. Singer’ and G. D. Reeves, A Strong CME-
had been distributed with requests for more copies arriving related magnetic cloud interaction with the earth’s mag-
daily. This publication is also available on the web at: netosphere: ISTP observation of rapid relativistic electron
http://umbra.nascom.nasa.gov/eclipse/990811/rp.html.  This acceleration on May 15, 199Geophys. Res. Lett., 25
web site received a maximum of 238,284 hits during the 2975, 1998.
week of the eclipse. Bale, S. D., M. J. Reiner, J.-L. Bougeret, M. L. Kaiser, S.
D. Taggart and R. Lepping are leading an effort, joined by  Krucker, D. E. Larson, and R. P. Lin, The source region
various members of the Lab, to continue the development of of an interplanetary type Il radio bursGeophys. Res.
its Education/Outreach Website. On June 24, 1999 it was Lett., 26 1573, 1999.
announced to the scientific community through AmericanBarrow, C. H., G. Woan, and R. J. MacDowall, Interplan-
Geophysical Union’s SPA newsletter. It attempts to appeal to etary scattering effects in the jovian bKOM radio emis-
a broad audience, but targets middle and high school stu- sion observed by Ulysse8stron. Astrophys., 344.001-
dents in particular and has been given a SafeSurf rating of 1013, 1999.
“ALL AGES.” It highlights the scope of research under- Baumjohann, W., M. Hesse, S. Kokubun, T. Mukai, and A.
taken by the Laboratory, e.g., studies on Sun’s atmosphere, Petrukovich, Substorm dipolarization and recovedy,
solar wind, magnetospheres, ionospheres, and atmospheresGeophys. Resin press, 1999.
of the planetgespecially Eart)y other solar system physics, Benson, R. F., and J. M. Grebowsky, Extremely low iono-
including comets and asteroids, and the interstellar medium. spheric peak altitudes - possible relationship to polar
An original glossary, tailored to the Lab’s research, has been holes, inProceedings of the lonospheric Effects Sympo-
produced to help the students or their parents navigate the sium Alexandria, Virginia, 1999, in press, 1999.
Website. Extensive coverage is given to the many missionBerchem, J.get al. [R. P. Lepping is one of 8 coauthdrs

H. Reme, C. Mazelle, D. Vignes, P. Wasilewski, and P.
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Distant tail at 200 R: Comparison between Geotail ob-  based solar system astronomy using adaptive optics and

servations and the results from a global magnetohydrody- acousto-optic tuning, i\daptive Optics and Optical In-

namic simulationJ. Geophys. Res., 109121, 1998. terferometry ed. B. Junor,ASP Conference Serietn
Berdichevsky, D., J.-L. Bougeret, J.-P. Delaboudiniere, N. press, 1999.

Fox, M. Kaiser, R. P. Lepping, D. Michels, S. Plunkett, Chotoo, K., M. R. Collier, A. B. Galvin, D. C. Hamilton, and

D. Reames, M. Reiner, I. Richardson, G. Rostoker, J. G. Gloeckler, Extended solar wind helium distribution

Steinberg, B. Thompson, T. von Rosenvinge, Evidence functions in high-speed streams, Geophys. Res., 103

for multiple ejecta: April 7-11, 1997 ISTP Sun-Earth con-  17,441-17,445, 1998.

nection eventGeophys. Res. Lett., 28473, 1998. Clancy, R. T., B. J. Sandor, M. J. Wolff, P. R. Christensen,
Berdichevsky, D., I. G. Richardson, B. J. Thompson, D. V. M. D. Smith, J. C. Pearl, B. J. Conrath, and J. R. Wilson,

Reames, R. MacDowall, S. P. Plunkett, D. J. Michels, M.  An intercomparison of ground-based millimeter, MGS

L. Kaiser, R. P. Lepping, K. W. Ogilvie, and R. G. Stone, TES, and Viking atmospheric temperatures and dust load-

Examples of fast solar wind transients, their sources and ing in the global Mars atmospheré, Geophys. Resin

the forecast of possible geomagnetic impaggofsica press, 1999.

Internacional in press, 1999. Clark, P. E., L. Evans, and M. Murphy, Determining iron
Berdichevsky, D., G. Thejappa, R. J. Fitzenreiter, R. P. Lep- distribution in the regolith of 433Ero8ull. Amer. Astron.

ping, T. Yamamoto, S. Kokubun, R. W. McEntire, D. J.  Soc., 303, 7.03, 1998.

Williams, and R. P. Lin, Widely spaced wave-particle ob- Collier, M. R., J. A. Slavin, R. P. Lepping, K. W. Ogilvie, A.

servations during GEOTAIL and WIND magnetic con-  Szabo, H. Laakso, and S. Taguchi, Multi-spacecraft ob-

junctions in the Earth’s ion foreshock with near-radial in-  servations of sudden impulses in the magnetotail caused

terplanetary magnetic fieldl. Geophys. Res., 10463- by solar wind pressure discontinuities: WIND and IMP 8,
482, 1999. J. Geophys. Res., 1037,293-17,305, 1998.

Bezard, B., P. N. Romani, H. Feuchtgruber, and T. EncrenazComfort, R. H., T. E. Moore, P. D. Craven, C. J. Pollock, F.
Detection of the methyl radical on Nepturéstrophys. J., S. Mozer, and W. T. Williamson, Spacecraft potential
515 868-872, 1999. control by on the POLAR satellite). Spacecraft and

Birn, J., and M. Hesse, The current disruption mythiMag- Rockets, 35(6)845, 1998.
netospheric Currentseds. S. Ohtani, R. Lysak, and M. Connerney, J. E. P., M .H. AcanP. J. Wasilewski, N. F.
Hesse AGU Monographin press, 1999. Ness, H. Rme, C. Mazelle, D. Vignes, R. P. Lin, D. L.

Birn, J., M. Hesse, G. Haerendel, W. Baumjohann, and K. Mitchell, and P. A. Cloutier, Magnetic lineations in the
Shiokawa, Flow braking and the substorm current wedge, ancient crust of MarsScience, 284794-798, 1999.
J. Geophys. Resin press, 1999. Conrath, B. J., P. J. Gierasch, and Ea. A. Ustinov, Thermal
Blass, W. E., L. Jennings, A. C. Ewing, S. J. Daunt, M. C. structure and para hydrogen fraction on the outer planets
Weber, L. Senesac, S. Hager, J. J. Hillman, D. C. Reuter from Voyager IRIS measuremenisarus, 135 501-517,
and J. M. Sirota, Absolute intensities in the band of 1998.
Ethylene: Tunable laser measurements used to calibratgoustenis, A., A. Salama, E. Lellouch, Th. Encrenaz, G. Bjo-
FTS broadband spectrd, Quant. Spectrosc. Radiative  raker, R. E. Samuelson, Th. De Graauw, H. Feuchtgruber,
Trans, in press, 1999. and M. F. Kessler, Evidence for water vapor in Titan’s
Brasunas, J. C., Artificial diamond as a broadband infrared atmosphere from ISO/SWS datastron. Astrophys. 336
beam splitter for Fourier transform spectroscopy: im- L85-L89, 1998.

proved resultsAppl. Opt., 38 692, 1999. Crooker, N. U., A. H. McAllister, R. J. Fitzenreiter, J. A.
Burlaga, L. F., and A. Szabo, Fast and slow flows in the solar Linker, D. E. Larson, R. P. Lepping, A. Szabo, J. T. Stein-
wind near the ecliptic at AU?Space Sci. Rev., 8137- berg, A. J. Lazarus, Z. Mikicand R. P. Lin, Sector
140, 1999. boundary transformation by an open magnetic clald,

Burlaga, L. F., R. J. Fitzenreiter, R. P. Lepping, K. W. Ogil-  Geophys. Res., 1026,859, 1998.
vie, A. Szabo, A. J. Lazarus, J. T. Steinberg, G. Gloeck-Cummer, S. A., and W. M. Farrell, Radio atmospheric
ler, R. A. Howard, D. J. Michels, C. J. Farrugia, R. P. Lin,  propagation on Mars and potential remote sensing appli-
and D. E. Larson, A magnetic cloud containing promi- cations,J. Geophys. Res., 1044149, 1999.
nence material: January 199%,Geophys. Res., 10377, Cummer, S. A., U. S. Inan, and T. F. Bell, lonospheric D
1998. region remote sensing using VLF radio atmospheiRzs,
Burlaga, L. F., F. B. McDonald, and N. F. Ness, Intense dio Sci., 331781, 1998.
magnetic fields observed by Voyager 2 during 1998,Cummer, S. A,, R. R. Vondrak, R. F. Pfaff, J. W. Gjerloev,
Proc. 26th ICRC SH 3.2.06, 1999. C. W. Carlson, R. E. Ergun, W. J. Peria, R. C. Elphic, R.
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Moore, Evidence for component merging equatorward of surge currents and electrodynamics with FAST and VIS,
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